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Troubleshooting 
analog circuits—Part 8 


Real-time kernels 
for single-chip pPs 


Keeping your PC data safe 


Buscon/89 preview 


- Nonvolatile memories let 
ications weather any storm 


Success in electronics is no longer 
the domain of the individual. 
Today, finding a partner who offers 
the right combination of corporate 
resources and experience is the 


key to success in the future. 


Let Fujitsu’s total resources as a 
major force in telecommunications 
technology, Japan's No. 1 computer 
manufacturer and the world’s 


ASIC leader work for you. 


Fujitsu's record of success extends 
across a Wide range of products 


and technologies. 


@ 48-16-32 Bit microprocessors 


ISDN components 


DSP building blocks 


DRAMs, SRAMs and EPROMs 
Gate Arrays in CMOS, BiCMOS 
ECL up to 160 000 gates 

@ ASIC design software. 


@ 
# 
@ Prescaler devices 
ae 
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Let Fujitsu be your partner 


FUJITSU i 


Together we can see and go 


yet further! 


| MICROPROCESSOR TELECOM GATE ARRAY DRAM DSP MICROPROCESSOR 


NETHERLANDS: Fujitsu Benelux, Europalaan 6/B, 5623 LJ Eindhoven. Phone: (040) 447440. Telex: 59265. Fax: (040) 444158. SCANDINAVIA: Fujitsu Microelectronics Ltd., 
Torggatan 8, 17154 Solna. Phone: (8) 7646365. Telex: 13411. Fax: (8) 280345. UNITED KINGDOM: Fujitsu Microelectronics Ltd.. Hargrave House, Belmont Road, Maidenhead, 
Berkshire SL6 6NE. Phone: (0628) 76100. Telex: 848955. Fax: (0628) 781484. 
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GERMANY: Fujitsu Mikroelektronik GmbH, Lyoner Strasse 44-48, Arabella Center 9. OG 6000 Frankfurt 71. Phone: (069) 66320. Telex: 411963. Fax: (069) 6632122. Fujitsu 
Mikroelektronik GmbH, Arbeostrasse 5, 8057 Eching. Phone: (089) 3190990. Telex: 5213905. Fax: (089) 31909922. Fujitsu Mikroelektronik GmbH, Am Joachimsberg 10-12, 
7033 Herrenberg, Phone: (07032) 4085 Fax: (07032) 4088. FRANCE: Fujitsu, Immeuble Le Trident 3-5, Vole Félix Eboue, 94024 Creteil Cedex. Phone: (1) 42078200. 
Telex: 262861. Fax: (1) 42077933. ITALY: Fujitsu Microelectronics, Italia S.R.L. Centro Direzionale Milanofiori, Strada 4—Palazzo A 2, 1-20094 Assago (Milano). 

Phone: (2) 8246170/176. Telex: 318546. Fax: (2) 8246189. 


Ziatech computers provide distinctive solutions designed 
fo put you in control of your application. 


ee 


All Zatech computers, from the board to the system level offer the 
PC-compatible software support crucial to quick product development 

and on-line application needs. This support includes operating systems 

(PC DOS, VRTX/, development tools (PC-Assisted Virtual System Console), 
networking software (ViaNet, NETBIOS), device drivers and monitoring and 
control packages. 


Modularity 


Our computers are designed for straightforward configuration and expansion. 
Multiprocessing, mass storage, expanded memory, industrial 1/0, video 

and networking capabilities can be added quickly with minimal 

system recontiguration. 


Zatech computers are based on the compact and reliable STD Bus format. 
Designed to operate in extremely harsh environments, they support RAM and 
ROM disks and will operate without a keyboard or display. 


Ziatech Quality and Support 


Our computers are backed up by on-line application support, first-class 
documentation and system engineering courses. Ziatech is committed to 
the success of every one of its customers. 


05/541-0486 > 


: a ae ane ‘ . , ° 
for tree Iterature providing more details on Ziatech’s line of 
extraordinary industrial computers, call Ziatech today. 


<|ZIATECH 


CORPORATION 


Corporate Headquarters 

3433 Roberto Court 

San Luis Obispo, California 93401 USA 
ITT Telex 4992316 

FAX (805) 541-5088 

Telephone (805) 541-0488 


©Copyright 1989 by Ziatech Corporation. All rights reserved. 
Product names of other companies may be trademarks of those companies. 


ZT 300 INDUSTRIAL COMPUTER 
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ZT 1000 INDUSTRIAL WORKSTATION 
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processes. 
_ Applications versatility also 
describes the Model 3314. It’s ideal — 
for oscilloscopes, power supplies, 
signal generators, satellites, computers, 
cellular phones, pagers, video cameras, 
radar detectors, robotics and more. 
The Model 3314 delivers perfor- 
mance too. This trimmer’s hoe-tipped multi-wire wiper reduces contact resistance 
variation and noise. Temperature coefficient is superior, thanks to a stable 


thick film cermet element. Its silicone rubber O-ring creates a permanent 


seal with very low backlash. fe 
For applications that require surface mount assembly, plan cd ee 
for the worst by specifying the best... the Bourns Model £ se 


3314 trimmer. 


THERE’S STILL NO EQUIVALENT 


Bourns, inc., 1200 Columbia Avenue, Riverside, California 92507; 
(714) 781-5500; European Headquarters: Zugerstrasse 74, 6340 Baar, 
Switzerland: 042-333333; Benelux: 070-874400: France: 01-40033604: 
Germany: 0711-22930; treland: 021-357001; United Kingdom: 
0276-692392; Asia Pacific Headquarters: 1401 Citicorp Centre, 

14th Floor, 18 Whitfield Road, Hong Kong: (852) 5-702171; - 
Singapore: (65) 339-3331: Korea: (82) 556-3619: 

Japan Headquarters: 2nd Floor. Time 24 Building, a 

#35 Tansu-cho, Shinijukuku, Tokyo, 162, a 

Japan: (03) 260-1411 a” 
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Tests great. 
Less filling. 


Pack up to eight instruments 
into a single 7" chassis. 
Model 680 is a high perform- 
ance modular instrument that is 
available now. 
It includes the only 
Arbitrary / Waveform Generator 


available with MATE-CIIL. Plus a | 


100 MHz Pulse Generator, a high- 
accuracy 6% digit DMM anda 
160 MHz Frequency Time Interval 
Counter. 


© Copyright 1989 Wavetek Corporation 


All backed by one company— 
Wavetek, the experts in source 
technology. 

And all for less money than 
you d pay for the individual 
instruments. 

Buy just the instruments you 
need today, and add more later. 
An internal analog summing bus 
lets you combine outputs from 
multiple Arbitrary Generators and 
Pulse Generators to create 
complex sources. 


Circle 35 for Literature 
Circle 36 for Demonstration 


With its functional front panel 
for debugging, GPIB, optional 
MATE-CIIL capability, and built-in 
testing, calibration and reference, 
Model 680 is ideal for ATE 
applications. 

And think of the ways you can 
use the extra rack space! 

Call (619) 279-2200 today for 
detailed literature, application 
assistance, or to arrange a demo 
of the Model 680. 


There’s a new standard 


\ \ 


for functionality, ease-of-use and price. 


We set some tough goals for ourselves in 
designing the T1-68. It had to have the 
powerful functions that technical profes- 
sionals need. It had to be easy to use. And it 
had to provide all of this at a substantially 
lower price than the competition. 

We met all of our goals and then some. 
The 11-68 has 254 useful functions. It solves 
up to five simultaneous equations with real 
or complex coefficients. A prompting system 
guides you through all entries and results. 
You can handle the complex numbers exactly 
the way you want, without entering a special 
mode. The T1-68 evaluates 40 complex number 
functions and lets you choose polar or 


©1989 T1 
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The [TL68. 


rectangular forms for entries and results. 

It also lets you easily check your equations 
with a 12-character alphanumeric display 
that can scroll through up to 80 characters 
for long equations. And, the last equation 
replay feature lets you edit or check the last 
computation without having to go back and 
reenter it. 

In addition, when you need to solve 
quadratic, cubic or quartic equations, the 
T1-68’s polynomial root finder will calculate 
the real and complex roots — automatically. 

Working with number bases and conver- 
sions are also no problem. Perform arithmetic 
functions in decimal, hexadecimal, octal or 


CIRCLE NO 37 


binary. And it does Boolean logic operations, too. 
The T1-68 provides up to 440 program 
steps for as many as 12 user-generated formulas. 
It even stores up to 36 values in memories with 
user-defined alphanumeric names. 
The 11-68 has what you’ve been looking 
for — the right functionality at the right 
price. See and try it at a nearby retailer, or 


call 1-806-747-1882 for additional informa- 


tion and to request free product literature. 


TEXAS “S 
INSTRUMENTS 


Volume 34, Number 18 


Magazine 
Edition 


ELECTRONIC TECHNOLOGY FOR ENGINEERS AND ENGINEERING MANAGERS 
EE SEE REESE SRNR STARE IEE SS EE ER ES TE TT TE TI 


On the cover: Because of the enormous 
variety of nonvolatile memories on the 
market, you'll have no trouble selecting 
a device that will satisfy all of your cost, 
flexibility, and performance require- 
ments. See the Special Report, 
beginning on pg 94. (Photo courtesy 
Cypress Semiconductor) 


Veen App 
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SPECIAL REPORT 


Nonvolatile memories 94 


With such a wide range of nonvolatile-memory types and 
performance capabilities available, it can be a daunting task 
to find the right one for your application. As a result, it helps 
to have a good idea of what your choices are, so you can 


avoid some of the confusion about what a memory can or 


cannot do.—Michael C Markowitz, Associate Editor 


DESIGN FEATURES 


Proper output decoupling 117 
maximizes power-supply operation 


The decoupling technique presented here lets you develop 
an optimum supply-load decoupling network. You need to 
know only two values—the supply’s output impedance and 
the capacitor’s impedance characteristics—to solve noise 
problems without causing oscillation. 

—Steven C Hageman, Calex Mfg Co Inc 


Troubleshooting analog circuits 131 
Part 8 


External components often determine an op amp’s 
performance—that’s why Bob spent the previous seven parts 
of this series discussing them. But op amps aren’t trouble- 
free: Oscillations and noise are two common problems. You'll 
have similar trouble with buffers and comparators, which 
Bob will discuss in part nine. 

—Robert A Pease, National Semiconductor Corp 


Continued on page 7 
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What’s missing in your 


FORTRAN 


problem-solving environment... 


.»»LMSL’s Mathematical and 


Statistical Libraries 


If you rely on FORTRAN asa problem-solving tool, you recog- 
nize the value of the small library of intrinsic functions that came 
with your FORTRAN compiler. You wouldn’t think of coding a 
routine for a square root, sine, or cosine; you simply call it from 
the intrinsic function library. But what about the many other 
standard, more complex mathematical and statistical capabilities 
you so often need? 

What’s missing from FORTRAN is a complete, comprehensive 
library of mathematical and statistical routines... The IMSL 
Libraries. 

IMSL’s MATH/LIBRARY, SFUN/LIBRARY, and 
STAT/LIBRARY comprise more than 800 FORTRAN subrou- 
tines covering a broad range of mathematics and statistics. Linear 
and non-linear systems, differential equations, eigensystems, 
regression, correlation, and special functions are just a few of the 
capabilities that can be literally at your fingertips with IMSL’s 
FORTRAN subroutine Libraries. 

And that’s just part of the story...combined with online docu- 
mentation and the high-level FORTRAN-like procedures of 
MATH/PROTRAN and STAT/PROTRAN, IMSL provides the 
comprehensive mathematical and statistical tools that are missing 
in your FORTRAN program development. 

When you call an IMSL subroutine, you’re calling on expert 
design and development, rigorous testing, and proven reliability 
demonstrated by hundreds of thousands of hours of use by IMSL 
customers around the world. To IMSL users this means shorter 
development time, more robust solutions, and lower costs. 

For almost 20 years, IMSL customers in industry, government, 
research, and education have chosen our high-quality, high- 
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value FORTRAN Libraries. We’d like to talk to you about how 
the IMSL Libraries can enhance your FORTRAN application 
development environment. We have what’s missing, contact us 
today: toll-free 1-800-222-IMSL, or in Texas (713) 782-6060; 
2500 ParkWest Tower One, 2500 CityWest Blvd., Houston, TX 
77042-3020; FAX: (713) 782-6069. 


H My interest is in software for: 
4] Mathematics LJ Statistics 


1) Special Mathematical Functions LJ Online Documentation 


Name Title 
Organization 


Department 


Address 


HW City/State/Country Postal Code 


Telex or Fax 


(Area Code) Phone 


Computer Type Operating System 


My need for purchasing IMSL software is: 


_____ Immediate 3 Months 6 Months 1 Year 


IMSL Inc., 

Marketing Services Division, 

2500 CityWest Boulevard, 

Houston, Texas 77042-3020. ® 


1-800-222-IMSL We make FORTRAN more useful 
EDNO090189 
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Continued from page 5 


To keep your data secure, you can use 
removable drives. Or you can check out 
the numerous other methods that will 
protect your sensitive information 


(pg 61). 


EDN magazine 
now offers 
Express Request, 
a convenient way 
to retrieve product 
information by 
phone. See the 
Reader Service 
Card in the front 
for details on how 
to use this free 
Service. 
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Magazine 
NY Edition 


TECHNOLOGY UPDATES 


Hardware and software 61 
keep your PC data safe 


Even companies that don’t handle classified information 
must protect the data on which their business depends, and 
they must strike a balance between doing nothing (which 
leaves them open to disaster) or installing such stringent 
security measures that productivity suffers (which may 
result in users trying to ignore these measures, or merely 
being sloppy about observing them). 

—Chris Terry, Associate Editor 
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Real-time kernels scarce 79 
for single-chip pPs 

Unfortunately, even though a wide variety of third-party, 
real-time kernels and operating systems are available for 
standard wPs, far fewer formal, real-time tools are available 
for single-chip ~Ps.—Charles H Small, Associate Editor 


Keep up with bus technology at Buscon 88 


Buscon East moves from New York last year to the Boston 
area this month, bringing with it its traditional grab bag of 
sessions and product exhibits that will bring you up to date 
in the field of computer-bus technology. 

—Joan Morrow, Assistant Managing Editor 


PRODUCT UPDATES 


80386 cache controller 3 91 
Multiprocessor DSP board 92 


DESIGN IDEAS 


Intermittent converter saves power 151 
Temperature controller has defrost cycle 152 
Test finds zero-TC current of zener diodes (154 
Feedback and Amplification 158 


Continued on page 9 
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A 100% Comp etion Rip-Up Router 


A Ripup-And-Reroute Autorouter 
that achieves 100% completion (or 
near 100% completion), in routing all 
the connections on a board can make 
a dramatic difference in the time 
required to bring your product to 
market! 


In the story picture above, each of the 
two board designers must design a 
100 IC board in a one-day schedule, 
in order to get a new product to 
market (sound familiar?). 


The designer on the left is in schedule 
trouble! He does not have a 100% 
completion Autorouter; and therefore, 
must work the better part of the 
second and third shifts to meet 
schedule. 


The other designer has the PADS- 
SUPERROUTER, the most advanced 
Ripup-And-Reroute Autorouter 
available. He “placed” the parts on 
his board earlier today; and at the 
end of the shift, started the PADS- 
SUPERROUTER. Tonight, he rests 
comfortably because he has complete 


confidence that ~ 
upon arrival 


tionally, PADS-SUPERROUTER 
will have performed the manufactur- 
ing optimization effort that will allow 
immediate board production. 


Sounds impossible? Too good to be 
true? Not at all! Today, over a 
thousand PADS-SUPERROUTER 
users are achieving results similar to 
the Happy Designer in our picture 
story ... And, all possible with the 
PADS-SUPERROUTER! 


Quite simply, the PADS-SUPER- 
ROUTER is the technological break- 
through long sought by both 
Management and Board Designer 
personnel. By Ripping-up-and- 
Rerouting, unattended, around-the- 
clock, the PADS-SUPERROUTER 
achieves 100% routing completion in 
a fraction of the calendar time re- 
quired by the most experienced board 
designer. 


Makes [HE 


at work tomorrow mornin me 
board will be 100% routed; and addi- 


Side-by-side 
benchmarks 
nd tests have demonstrated that 


_ PADS-SUPERROUTER has superi- 
or performance to all currently avail- 


able Autorouters running on Personal 
Computers and equal to, or better 
than Workstation Autorouters. 


The cost of PADS-SUPERROUT- | 
ER? Not $100,000 — Not $50,000 — 
Instead, a mere $4,500 option to the 
PADS-PCB Program. We can even 
lease you the PADS-SUPERROUT- 
ER software on a low monthly 
payment program. 


You can evaluate the PADS-Super- 
Router on your hardware with a 
no-cost Evaluation copy of the 
actual software. Call our Sales 
Department (508) 486-8929, outside 
MA, (800) 255-7814, or ask for your 
local CAD Software Authorized 
Dealer for further information. 


119 Russell Street 
Suite #6 
Littleton, MA 01460 


Software: Inc. 


SEE US AT MIDCON '89 BOOTH #'s 959 AND 961 
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Its an 
Analog 


World. 


Ultimately, all circuits are analog 
circuits. That’s why you should 
step into the analog EDA world of 
Mentor Graphics. | 
Here you will find advanced design 
automation that guarantees high quality 
results. Gets you to market sooner. And 
still leaves you time to explore 
creative alternatives. 
Start with AccuSim™” a 
robust analog simulator that 
consistently converges to a 
correct result—even on designs 
containing thousands of transistors. 
Then turn to AccuParts™ This library 
of more than 2,400 discrete and integrated 
components includes a large selection of 
European and Pacific Rim parts. In fact, 
AccuParts is the most complete and accu- 
rate analog library available. 
With AccuSim and AccuParts, you 
also enjoy full integration with the far- 
reaching Mentor Graphics suite of EDA 
tools. So you have direct links to logic 
simulation, IC and PCB layout, thermal 
analysis and more. 
AccuSim and AccuParts draw you into 
a design environment that is analog at its 
core. So you can depend on the world’s 
EDA leader to keep providing the tools 
and support you need. 
For a brochure on the Mentor Graphics 
analog world, dial this digital, toll-free 
number: 1-800-547-7390. 


At AMD weve got all the basic 
ISDN functions you need for a terminal 
ina single device: The Am79C30A. 

Its got an S transceiver, a data link 
controller and a codec filter Everything 
for basic terminal applications. 

Then we give you lots of options 
for enhancing your terminal. If you want 
to add extra data channels, we've got 
three protocol controllers. Two different 
controllers conform to V.120 and a third 


that conforms to VIO. Adding a second 
voice channel is easy, too, with an extra 
codec filter. | 

Theres more to terminals than 
ereat hardware. 

That's why we created AmLink3™ 
development software. 

It makes designing ISDN terminal 
applications easy for a change 

AmLink3 is a full source code 
implementation of Q931 and X.25. It has 


IOM is a trademark of Siemens AG. AmLink 3 is a trademark of Advanced Micro Devices © 1989 Advanced Micro Devices, Inc. 


Before you 
make a phone, 


make acall. 


passed AT&T and Nippon Telephone 
compliancy testing so you know it's 
reliable 

You dont have to be terminally 
nervous. 

All these ISDN devices are part of 


acommon chip set available from both 
Siemens and AMD so you'll never be 
caught short. 

AMD has a family of 15 jointly sup- 


ported peripheral devices for ISDN 
protocol and transceiver functions all 
designed to the IOM™2 standard. That 
means they'll work together now and 
in the future. 

Find out more. Just drop us a line 
And make your next phone with AMD. 


Advanced Micro Devices cl 


or more information write “ISDN Terminal” on your letterhead and mail to: AMD Mail Operations, PO. Box 4, Westbury- 

onTrym, Bristol BS9 3DS, United Kingdom. (In Asia) Advanced Micro Devices Far East Ltd., Rm. 1201-2 Harcourt House. 

39 Gloucester Road, Hong Kong, Attn: Andrew Ng. (In Japan) Advanced Micro Devices Japan Ltd. Shinjuku Kokusai Bldg. 
6-62 Nishi-Shinjuku, Shinjuku-ku, Tokyo 160, Japan. 


Bruxelles (02-2) 771 91 42 *» Geneva (02) 2880025 * Hannover area (0511) 73 60 85 * Hong Kong (5) 8654525 « London area (0483) 740440 » Manchester area (0925) 828008 « Milano (02) 3533241 » Munchen (089) 41 14-0 « Osaka 
(06) 243-3250 « Paris (1) 49 75 10 10 * Seoul (02) 784-7598 » Singapore (65) 348 1188 » Stockholm (08) 733 03 50 « Stuttgart (0711) 62 33 77 * Taiwan (02) 7213393 » Tokyo (03) 345-8241 
Latin America, Fort Lauderdale, Florida/U.S.A. Tel: (305) 484-8600 TIx: (510) 955-4261 amd ftl 
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Until now, when you've had to choose between Bipolar and CMOS, most of your choices were 
compromises. With Bipolar you sacrifice power for speed. With CMOS you sacrifice speed for 
power or TTL drive for board space. Now there's an alternative, logic without compromise. 


Introducing Motorola Bi-CMOS. 
The Logic Of Choice. 
More. Or Less. 


Motorola Bi-CMOS is the logic of choice for hi- 
drive, hi-speed, low power designs— giving you 
the flexibility of more TTL drive, more speed and 
less noise—on far less power. 

More Drive. Bi-CMOS bus drivers are capable 
of sinking 48mA and sourcing 15mA (64mA sink 
capability is coming). 

More Speed. Implemented on a sub-2 micron 
process, Bi-CMOS is capable of operating at very 
high frequencies with a NAND gate maximum 
propagation delay of just 5.7 nS and D flip-flop 
clock rates up to 100 MHz, minimum. 

More Temperature Range. Motorola Bi-CMOS 
has the widest operating temperature range (— 40° 
to + 85°C) of any commercial Bi-CMOS family 
available today. 

More Sources. Motorola industrial-range Bi- 
CMOS conforms to Toshiba Bi-CMOS data sheet 
performance specifications. As always, you can 
select Motorola with confidence. We'll be there 
with parts, experience and support when you 
need them. 

Motorola and ‘Toshiba have combined resources 
to offer a complete family of Bi-CMOS logic in 
PDIP CDIP SOIC, EIA and EIAJ packages. 


Name 
Title 
Company 
Address 
City 
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Less Noise. A merged combination of active 
pull-down and Schottky clamped bi-polar output 
devices solve numerous noise problems related to 
current spikes and inductive ringing. 

Less Power Consumption. By utilizing CMOS 
technology for the entire device except the bipolar 
output stage, Bi-CMOS consumes just micro- 
watts of power at standby. Power consumption 
increases moderately, only as frequencies approach 
advanced Schottky range. 

Motorola’s Bi-CMOS. The Logic of Choice. 
Whether you want more, or less, or both, 
Motorola Bi-CMOS is the logic of choice. 

Sample kits with parts and data book are avail- 
able in limited quantities through your local 
Motorola sales office or nearby distributor. 


For Bi-CMOS informa- 


tion call or write to yOUr Winner Sore 
Motorola Sales Office. 1988 Quality 


(AA) MOTOROLA 


To: Motorola Ltd., European Literature Centre, 88 Tanners Drive, Blakelands, Milton Keynes MK14-5BP, United Kingdom 
___ I’m ready to talk Logic, more or less. Call me at ( 
__Ican’t talk right now. But send me your data book. 
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The right choice is 

HP’s Interactive Test 
enerator for faster, 

easier test development. 


“ If the task of writing code 
The right \ \ AV is taking you away from test 
engineering and turning you 
into a full-time programmer, 


you'll welcome a faster, easier 
method of test development. 


Meet HP’s new Interactive 

Test Generator (ITG) software. 
It gives you an easy-to-use 
interface and automatically 
writes complex code for your 
test systems. Simple mouse- 
controlled instrument panels 

| “ a) and menu-driven commands 
Fe make test development intu- 
itive. No need for manuals when 


MTEtRA Gnega 


jetasescwrerers: i 3 | programming new or unfamil- 
ees iar instruments. HP ITG chooses 
piceaetasieucea, aeIarE the right command and sends 


Tipu Fasge 
EAP ALE IRAE co Lee Pec ke Lt RBte bee 
enact sarees tee tuwtibscatLincoe eis 


ac cecceommaeiad it... automatically. 


With HP ITG, HP BASIC and 

an HP 9000 Series 300 computer, 
you ll cut development time 
dramatically. You can run your 
final programs on any HP BASIC 
workstation. Or on a PC, using 
HP’s BASIC Language Processor. 


Call for your 
FREE demo disk. 


See for yourself how HP ITG 
works. Call your local HP sales 


office today. We'll send you a 
FREE demo disk. Right away. 


There is a better way. 


HEWLETT 
PACKARD 


At HP, we’ve got all the fiber-optic 
components you need. And all ata 
price that’s good for your health. 


Our HBFR-0400 family of 820 nm 
fiber-optic transmitters and 
receivers provides cost-effective 
fiber-optic links of up to 4Km. 
With no assembly time. 


The 125 MHz analog receiver is 
designed for high-speed data links, 
providing data rates of up to 
150MBad. And its wide dynamic 
range is compatible with the IEEE 
802.3 FORIL standard. 


The transmitters are specified 
with four types of fiber and are 


22 


High in fiber 


designed for high-speed trans- 
mission, such as with TAXIchip 
links. 


Both the transmitter and receiver 
are compatible with popular ST and 
SMA connectors. 


HP’s HFBR-0501 Versatile Link 
family includes a complete line of 
665 nm fiber-optic transmitters, 
receivers, connectors and cable. 
All designed to provide you with a 
low-cost solution. 


Our wide range of plastic cable and 
connector options includes simplex, 
duplex, latching and non-latching. 
Which offers you a cost-effective 
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alternative to copper wire while it 
provides design flexibility. 


Best of all, they’re from HP. So 
you re always assured of HP’s com- 
mitment to excellence in service, 
support and reliability. 


For a free information package 
describing our full line of fiber- 
optic solutions, call 1-800-752-0900, 
ext. Z19R. It’s the best way to get 
your fiber. 


There is a better way. 


@ 


HEWLETT 
PACKARD 
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SIT VERSION OF STD BUS 


| rugged eee miguniing scheme migee | ne a a good ie - 


al equipment. However, the 8-bit bus runs out 


requiring increasing amounts of processing te Uae 


ed with the prospect of moving to a wider bus, _ 
ners of STD Bus-based systems are reluctant to 
TD Bus’ S hardware and software.  . 


A, 805) 541- 0488) bas proposed : a Be. bit- orides bus, 8 
old 8-bit cards. The company proposes that —_ 
dded between the relatively widely spaced pads 
milar to that used by the EISA bus, the 32-bit 
atech has delivered the specification to the STD a 
any will be cd a peaassg peers based on 1 this” ee 


e0ase J AND 80386 Ae (Go oe ae 
t to saturate the market, according t to > Via 


651-2796). The company says that you can use eS 


ardless of the type of 80286 or 80386 device or 


However, in the case of the 80386 pP, you’ll need — 
an extra data-bus buffer. Prices for the | : yy So 


t quantities. ‘Beyond the basic chips, the 
ards for the 52-bit 80386 and the 16-bit 


"Programs. —Dan § Strasberg ae 


SERIAL EEPROM STORES 1k BYTES AN D RUNS on sv a - 
For less than $2 (1000) you can put 1k byte of EEPROM in your next ae with 2 
the XL93CS46 from Exel Microelectronics Inc (San Jose, CA, (408) 432-0500). Pack- a 


aged in an 8-pin DIP, the memory device runs on both 5 and 3V power supplies and ee 


draws only & pA when running on SV in its standby mode. Internally, the serial | 


EEPROM stores data in 64 16-bit registers, and you can store information in chase. Le ee 
nonvolatile registers as many as 100,000 times. You can safeguard a variable number a 


of the registers from being overwritten By using the chip’s sain caste oS 
—Steven H Leibson Se 


FIRST AUTOMATIC PARALLELIZIN G ADA COMPILER HITS MARKET 


If you plan to use the Ada programming language in your next project, you should : 2 


know that an Ada compiler that automatically creates parallel, parallel/vector, and. 
nested parallel loops has passed the US government’ s Ada Compiler Validation Capa- 


_ bility test. Prices for Convex Computer Corp’s (Richardson, TX, (214) 497- -4226) Ada me - 
version 1.1 start at $50,000. Designed to run on the company’s parallel-processing 8 


computers, a $50,000 version of this compiler includes a task-spreading capability. 


This capability lets your Ada program run on multiple CPUs, thus taking advantage 


of the Convex’s C200 computer series’ automatic self-allocating processor mecha- 
nism. The Ada rigaacicke ag a both —— and oe Nec ania te | 
—dJ D Mosley 


ASIC VERIFICATION SYSTEM SUPPORTS FULL SCAN TESTING - 
By adding a scan test module to the XL Logic Master series of ASIC- verification 


testers from Integrated Measurement Systems (Beaverton, OR, (503) 626-7117), you = 
can implement a wide range of scan test methods at speeds as fast as 60 MHz. hoan 


test options supported by the module include the IEEE P1149.1 standard proposed 
by the Joint Test Action Group (JTAG), scan path, scan set, random-access scan, 
boundary scan, and level-sensitive scan design (LSSD). Each scan module supports 
four input/output channels with 1M data bits behind each channel. To increase 


memory depth, you can multiplex data to one or two channels, and you can expand so 


a system to include as many as seven modules ete wider or deeper scan channels. 


The system maintains full flexibility when using the scan test module, thus letting ae 
you perform full functional, parametric, and scan testing without having to esp eie. ae . 


device fixtures. All channels can be used for clock, data, or control functions, and 
you can clock serial and parallel vectors at different rates. Software included with 


the module lets you reformat serial data into pattern displays for easy viewing, The aD 


scan test module will be available | in | the fourth ‘Aosdee aus of 1989 for $33, spe 
—Doug Conner 


T/H BUFFER ACQUIRES SIGNALS TO 0. 01% IN 25 NSEC oe 
If you need to freeze high-speed analog signals for accurate digitization, oe 
CLC942 from Comlinear Corp (Fort Collins, CO, (303) 226-0500) features a 25- nsec 
hold-to-track acquisition time, settling to within 0.01% of the input signal within 
that period. The company claims that this speed is fast enough to allow 12-bit 


digitization of signals at 20 MHz. The industrial version of the track-and- -hold buffer 


_ with an operating-temperature range of — 26 to +85°C costs ie a 


- —§teven H Leibson 
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orld Class 
-Bit Video ADC 
20 MSPS 


* TRW LSI Products’ TDC1058 — The industry’s new video-speed ADC broadcast performance standard: 600mW power dissipation, 
single SV power supply. Made in the U.S.A. by TRW LSI, where performance over worst case conditions is always guaranteed. Available 
from TRW LSI Products or your nearest Hall-Mark or Hamilton/Avnet location. For complete technical assistance, call or write: 


TRW LSI Products Inc. In the Orient, phone: eee | ow FF | 
P.O. Box 2472, La Jolla, CA 92038 Hong Kong, Tektron, 3.880629; 


619.457.1000 Tokyo, Dia Semicon, 3.439.2700; ’ | ’ | aS 
Kawasaki, Teksel, 44.812.7430; 


In Europe, phone: Taipei, Sea Union, 2.751.2062; 

TRW LSI Products Inc. Seoul, M.LS., 2.553.0901; TRW LSI Products Inc. 
Munich, 089.7103.115; Singapore, Seamax, 65.445.1828; 

Guildford (U.K.), 0483.302364 Australia, Email, 613.544.8244 


©TRW Inc., 1989 — 712A0789 
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- put the a oiouinod & can. Valeo’ oe poubroln 
the DMA channel. In particular, th 
GR, both on host. adapters and direct 
design of the chip will enable the compa: 
computer types as well as updates o 


| RS-232C TRANSCEIVER Ic : 


480-0400) permits battery-opera 
i . curs ‘when eneinie ~ ert with 


o STD BUS MODULE INCLUDES C 


$60. 70. ey Conner 


296 


2 M. A cow ROLLER | 


of the SCSI ates The Ic costs $48 


The DS1275 line-powered. tran 


that t WOR host 


Dic stigens lager A cabot ‘SC, 


128 ENO of EPROM, 256k oy 640: x 
a battery-backed clock calendar. Fu 
floppy/Winchester disk controller a1 
module include nid ne aa in staal be eS, 


80386 2-WAY, | SET-ASSOCIAT! 4 VE MEMORIES | SHRINK CHIP ¢ coun T 
Two cache memory ICs introduced iy Say (Cypress, CA, Mae: 220-4197) and 


| and increase ane speed of 80386 cache wenn panning at 16 to 33 MHz. ‘Both chips — 
reduce the number of ICs needed to implement ORk- -byte, 2- -way, set- associative | 


patios device’ Ss oe 


memory from over 20 to just two by combining the memory ICs and address latches. a. 


Sony’s chip, the CXK7701, includes. a bus transceiver and is available with access | 


times of 30, 35, 45, and 55 nsec. Prices start at $49.50. Saratoga’s SSM51186, which : 


has a similar architecture, has an | ACCESS s time as fast as 80 nsec. ‘Prices start at 


EDN September 1, 1989 


“Reliable ewitehing is the Sacthones of your front Z 
: panel assemblies. When your business depends on 
it, choose the leader in switching technology. 


~ RELIABLE MEMBRANE SWITCHES- 


Count on CRE’s Monopanel® membrane switches for- 


millions of rane: ree operations. The contacts are 


‘panels are easy to clean. 


UNLIMITED COMPONENT SELECTION 

CRL integrates displays, active and passive 

- components, EL.backlighting, tactile feel, 
interconnects, and bezels. Monopanel’s 

crisp graphics, vivid-colors, and true 

textures will captivate you. _ i 

SAVE TIME, REDUCE COST 

Vertical integration and automation. ..CAD, graphics. 
lab, PCB’s and auto component attachment. . . 
reduces your installed cost and’supplier base. 


COMPLETE F RONT 


ADC GAIN 


1024 2049 
Sa 4006 | 


INTENSITY 


Sa 


SS 


ayencadinn aca deo case aac 


Ce a ae 


Expert 


UNMA TCHED EXPERIENCE. : 

Sixty_years of leadership inthe design and 
manufacture-of custom, high quality switches is 

your assurance of the right product, the first time. 


Whether you need a quote, technical 
assistance, prototypes, or just-in-time 
delivery, call CRL for your complete front 
panel needs. 


™ 


CRL Components, Inc. 

1535 South 101 Street 
West Allis, Wisconsin-53214 
Telephone: (414) 256-5232 
FAX: (414) 256-5252 


A Cambridge Electronic Industries Company 
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Value-paGKel 


fiiters $11.45 


de to 3GHz 


¢ less than 1dB insertion loss over entire passband 
¢ greater than 40dB stopband rejection 

¢ 9 section, 30dB per octave roll-off 

¢ VSWR less than 1.7 (typ) 


- over 100 models, immediate delivery P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
e meets MIL- S1D-70 ? Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


¢ rugged hermetically sealed package (0.4 x 0.8x0.4 in.) 
¢ BNC, Type N, SMA available 


LOW PASS Model 10.7 | 21.4; 30 | 50 | 70 | 100 | 150 | 200 | 300 | 450 | 550 | 600 | 750 | 850 | 1000 


Min. Pass Band (MHz) DC to 10.71 22 32 | 48 | 60 98 | 140 | 190 | 270 | 400 | 520 | 580 700 |} 780] 900 
Max, 20dB Stop Frequency (MHz) 19 32 |! 47 | 70 | 90 | 147 | 210 | 290 | 410 | 580 | 750 | 840 | 1000 | 1100 | 1340 


Prices (ea.): Qty. (1-9) P $11.45, B $32.95, N $35.95, S $34.95 


800 


1000 
1000 
2200 

720 


250 900} 600| 700 900 


225 
1200 
150 


Model 300; 400 


133 


HIGH PASS 
start, max. 185 


Ease Gand (Mite) end, min. 600 | 800 
Min. 20dB Stop Frequency (MHz) 95 116 
Prices (ea.): Qty. (1-9) P $14.95, B $36.95, N $39.95, S $38.95 


C105 REV. E 


28 CIRCLE NO 45 EDN September 1, 1989 


3 KHz-800 MHz 
over 50 off-the-shelf models 


from *29° 


Choose impedance ratios from 1:1 up to 36:1, 


connector or pin versions (plastic or metal case built 
to meet MIL-T-21038 and MIL-T-55631 requirements *). 
Fast risetime and low droop for pulse applications; 

up to 1000M ohms (insulation resistance) and up to 1000V 
(dielectric withstanding voltage). Available for 
immediate delivery with one-year guarantee. 


Call or write for 64-page catalog 


*units are not QPL listed 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 


C71REVB. 
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COLOR GRAPHICS 
e 640x480x256 Colors 
@ 800x600x256 Colors 
e EGA 

e VGA* 


@ Touch Screen 
EL Display 
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ACCESSORIES 


e Predecoded Prototyping Boards 
¢ Terminal Strip Adapters 

© Power Supplies 

e Bus Extenders 

© Packaging Products 


MASS STORAGE 


© 3.5’ & 5.25” Floppy Disk 


Controllers and Drives 


¢ $1506 Winchester Controller 
and Drives (up to 70 Mb) 

¢ Intelligent SCSI Controller 
(up to 1 + Gb) 


¢ Tape Streamer 
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MS-DOS” 


e Popular and User Friendly Single Task, 
Single User Operating System 


¢ Runs on Intel Processor Based Systems 


¢ Allows the Use of Any of Thousands of 
PC Software Products 


¢ ROMed Version Available for Applications 
in Harsh Environment 


MOTION CONTROL 


¢ DC Servo Controllers 
e Stepper Motor Controllers 


e Shaft Encoder 


Who Said You 


16 & 32-bit 
PROCESSORS 
e Intel ¢ Motorola 
8088 68000 - eS 
80186 68010 
80286 68020 
80386SX* 68030 


0S-9° 
© Real-Time Multitasking, Multi-User 
Operating System for Motorola Processors 


e UNIX-like Syntax and UNIX® 
Compatible C Library 


¢ Modular and Totally ROMable 
Software Architecture 


e Editor, Assembler and C Compilers Allows 
Self Hosted Software Development 


¢ Cross Development Tools Available 


for PC and UNIX Workstations 
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3 


SDMB548G 


*Coming in Q4 1989 **Company may include subsidiaries. Based on total number of boards in current catalog, number of 
different types of functions, availability of software support, and number of different processors. Please reply on company letterhead. 
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El zanoer 


ELECTRONIC 


pC /PC CONVERTER 
ZE O8/ 1815-3 


SWISS MADE 


Can't Have It All? 


STATIC & 
DYNAMIC 
MEMORIES 

e 512K to 8 Mbytes 


Dynamic Memory Boards 


e Universal EPROM/RAM 
Static Memory Boards 


e System Expandable to 32Mb 


VISION 
SUBSYSTEMS 
e 256 to 2048 Elements 


Linear CCD Cameras 


e Matrix CCD Cameras 


Interfaces 


e Real-Time Image 
Processing Hardware 


NETWORKING 

e 10 Mb/s Ethernet® 
e 10 Mb/s X25 

e | Mb/s GESNET® 
@ | Mb/s Arcnet® 


e 1] Mb/s IEEE 488 
e 375 Kb/s Bitbus® 


INPUT/OUTPUT 
INTERFACES 

© RS 232/422/485 SIOs 

@ Parallel TTL !/Os 

e 10, 12 and 16-bit A/D & D/A . 


e Thermocouple, RTD, 
Resolver Interfaces 


e Opto Isolated I/Os 


e Mechanical & Solid 
State Relays 


Whoever said that obviously doesn’t know 
about GESPAC. With GESPAC, you get the 
industry’s most complete line of microsystem 
products, on one common bus architecture. 
That’s nearly 200 boards designed to work 
together, available from under a single roof 
and backed by a team dedicated to your 
success. What’s more, all of these boards are 
supported with the most comprehensive 
software offering anywhere: Two resident 
operating systems (MS-DOS and OS-9), a 
choice of Real-Time kernels, a selection of IBM 
PC or UNIX based cross development tools, 
and virtually one software driver for every 
board we make. All in all, no other company 
offers such a wide and diversified product 
selection. Period. And in the most unlikely 
situation that one of the functions you need is 
not available from our catalog, there are over 
AO manufacturers of G-64 bus products and 
we will be glad to research and provide that 
function from one of these third party vendors. 

Call us today to receive the industry’s 
most comprehensive catalog of microsystem 
solutions. 


Call Toll Free 1-800-4-GESPAC 
or call (602) 962-5559. 


The GESPAC Challenge: 


Find a single company with 

a larger and more diversified 
choice of products on one 
bus architecture* * 
than GESPAC 
and we will ship 
you a bottle of 
champagne, 
free. 


USA - CANADA EUROPE INTERNATIONAL 
50 West Hoover Ave. __Z.1. des Playes 18, Chemin des Aulx 
Mesa, Arizona 83500 La Seyne CH-1228 Geneva 
85210 USA France Switzerland 


Tel. (602) 962-5559 
Fax. (602) 962-5750 
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Tel. 94 30 34 34 
Fax. 94 87 35 52 


Tel. (022) 794 3400 
Fax. (022) 794 6477 
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_ Anything this system can think 


Now there’s a family of test systems that will change the way you think 


about Analog VLSI testing. Teradyne’s revolutionary A500. The only 


The system on the left thinks up new device system that’s ready to test the most complex 

designs so fast that most test systems can't “system silicon” devices as fast as you can 

keep up with it. Except the one on the right. dream them up. In fact, the A500 is already 
helping many leading companies cut critical 
product development time and bring their 
advanced products to market faster, and with 
a lower overall cost to test. 
Now, you can test anything from 
standard linear to mixed-signal AVLSI. 
Teradyne has taken its revolutionary A500 
architecture and created two new, compati- 
ble systems. The A510, a workstation-based 
standard linear tester, with the lowest cost 
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to test per test head, and the A520, which 
packs all the performance of an A500 into 

a smaller footprint at a lower capital cost. 
Teradyne’s new A500 family not only gives 
you the capability to test the range of today’s 
devices, it’s ready to help you test tomor- 
row’s devices, as well. 

The A500 family shares an architecture 
based on today’s “open systems’’ standards — 
dual Sun computers, a UNIX operating system, 
powerful C-based IMAGE” software and 
Ethernet TCP/IP networking. In addition, 
each system provides full tester simulation 
on stand-alone workstations, with graphic 
debug and analyzer tools as powerful as any 


CAD/CAE tools. 
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Spend your time testing designs 
instead of designing tests. 


If you want to help your company bring next- 
generation products to market faster, pre- 
vent premature product rollouts and cut test 
engineering costs drastically, use the system 
on the left. Which can only lead you to the 
system on the night. 

For more thoughtful details, call Beth Sulak at 
(617) 482-2700, ext. 2746. Or call your nearest 
Teradyne sales office or write: Teradyne, Inc., 
321 Harrison 

Avenue, 

Boston, 

Massachusetts 


02118. 


We measure quality. 
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Measurement 
and display 
system 


[EEE-488/ 
RS232C/TTL 


remote control 


Multi-speed 
automatic 

calibration 

verification 


Shock isolated 


transport 


Universal 
power supply 


(120/240V, 
47-440 Hz) 


Y 
c 
y 
= 
> 
v 
c 
= 
a 
a 
x 
fon 
o 
~ 
) 


Direct 
record/reproduce 


to 2 MHz 


End of tape 
warning 


Internal 
calibration 
system 


All mode FM 


Independent 
FM bandwidth 


selection 


BREEZE THROUGH ANY TEST. 


Want to be confident that you'll accu- 


rately capture all the data you need in 
most any kind of test? 


Just hook up with the Honeywel 
Model 10le—an enhanced version of 
the rugged Model 101 that has proven 
its reliability in a wide range of appli- 
cations Over many years. 


Augmenting the many qualities of 
its predecessor, the Model 101e features: 
preamble recording with a “known” 
signal * microprocessor-controlled auto 
test for calibration verification at the 
speed you select * total system contro 
via a direct-access panel ¢ gentle tape 
handling * 5-year/5,000-hour unpro- 


rated warranty on the ferrite heads 
¢ field services and a worldwide parts 
network unsurpassed for more than 
30 years. 

For details, contact Darrell Petersen, 


Honeywell Inc., Test Instruments 
Division, Box 5227, Denver, CO 
80217-5227. (303) 773-4835. 


HELPING YOU? CONTROL: FOUR WORLD 
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SIGNALS & NOISE 


A helpful addition 


Several readers complained that 
they had difficulty interpreting the 
scope photos that appeared in 
Report, 


David Shear’s Special 


1 VOLT/DIV 


ov —— 


TRIGGER 


Dale’ can match your surface 
mount needs from the country’s 
most comprehensive line of thick 
film chip resistors. Commercial. 
Industrial. Military. 1/10 to 
1 watt, 47 ohms to 22 
megohms. All are manutac- 
tured under strict Statistical 
Process Control guidelines to 
ensure unvarying dimensional 
and electrical characteristics. 
Most styles provide 60/40 tin- 
lead terminals to permit lower 
reflow temperatures for reliable 
mounting and protection of active 
components. And, they're available 


DALE ELECTRONICS, INC. 
s « « a VISHAY Company 
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5 nSEC/DIV 


fast from factory or distributor stock in 
all popular sizes and values. Contact your 
Dale representative or phone (402) 371-0080. 


“EDN’s advanced CMOS logic 
ground-bounce tests” (EDN, March 
2, 1989, pg 88). The reason for the 
difficulty was the omission of the 
following explanatory figure. 


SWITCHED 
OUTPUT 


INPUT 


VOLP 
(VOLTAGE OUTPUT 
LOW PEAK) 


UNSWITCHED 
OUTPUT 


VOLV 
(VOLTAGE OUTPUT 
LOW VALLEY) 


Pick of the Chips 


Dale Thick Film Chip Res 
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Chip Resistor Design Kits: Available in a choice of 74, 30 
or 15 popular values. Write or phone for more information. 


Dale Makes Your Basics Better 
Dale Electronics, Inc., 2300 Riverside Blvd., Norfolk, Nebraska 68701-2242 


How to order the VIZ 
WC-412A R-C box 


Recently a reader wrote to me 
asking where he could buy the 
VIZ WC-412A R-C box, which I 
mentioned in the troubleshooting 
analog circuits series (KDN, Janu- 
ary 19, 1989, pg 160). Fordham Ra- 
dio no longer sells it. Instead, to 
order the $119 box, call Dennis Roe 
at Quement (one of the several 
distributors that will take your 
order), 1000 S Bascom Ave, San 
Jose, CA 95128. Phone (408) 998- 
5355. 

If you wish to find a distributor 
closer to your location, contact 
Frank Menichello at VIZ, 175 Com- 
merce Dr, Fort Washington, PA 
19034. Phone (800) 523-3696. 
Robert Pease 
Staff Scientist 
National Semiconductor 
Santa Clara, CA 


Text continued on pg 40 


Istors 


SPECIFICATIONS: 


Military: MIL-R-55342/2, /3, /4,/5, /6; (New /7, 
/8, and /9 available soon) 
Value: 5.60 —1 Meg.,; Tol.: + 1%—-10%; 
T.C.: + 100, 300 PPM/°C. 

Industrial: Power: .08, .10,.15, .20, .25, .35, .40, .60, 


.80, 1.0 watt; 
Value: .470 —20 Meg,.; Tol.: + 1%—20%; 
T.C.: + 100, 200, 300 PPM/°C. 


Commercial: Power: 1/10, 1/8, 1/4, 1/2, 1 watt; 
Value: 30-22 Meg.; Tol.: +.5%—20%; 
T.C.: 100, 200, 300 PPM/°C. 


a |. 
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SIGNALS & NOISE 


Thanks for the 
“oreat analog stuff’ 


Thanks very much for publishing 
the great analog stuff by Jim Wil- 
liams, Jerald Graeme, and other 
greats of analog design. The article 
by Professor Sergio Franco (EDN, 
June 8, 1989, pg 147) on compensat- 
ing op-amp circuits with capacitive 


loads was a very well-done analysis. 
I’d like to add for your readers that 
the analysis assumed an ideal op 
amp; that is, one with infinite gain- 
bandwidth product (GBW). For 
99% of all current op amps in the 
world, this analysis is fine, but 
readers should note that if their cir- 
cuits have a GBW of <100 kHz, the 


t : 


Power Supnlie 


AS SERIES 300W 


Multi output (ST/DT/DQ/WT Series) 
The WT Series have a wide input 
voltage range: 85-264VAC or 
110V-340VDC. The ST Series: 
from 8W triple output, in 

2.67” x 1.06” x 2.91”. 


These new SWITCHING POWER SUPPLIES are 
competitively-priced and available in large quantities. 


SUPERTEK ELECTRONICS, INC. 


543 W. Algonquin Road = = Arlington Heights, IL 60005 
Phone: (312) 981-5655 = FAX: (312) 981-9076 
_ TWX: 910-687-2847 KANEGOLD 


Small in size; 2.3 w/cubic inches 
Single output (SS/DS/AS Series) 
up to 24V, up to 120 amps. AS 
Series Switching Power Supplies 
have 300W and 600W with 
AUTOMATIC INPUT VOLTAGE 
SELECTOR built-in. 


"WT SERIES 30W 
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analysis accuracy degrades rapidly, 
resulting in an undercompensated 
situation. 

This is a very minor point about 
an otherwise excellent article and 
analysis. Good work, Sergio! 

Steve Hageman 
Chief Engineer 
Calex Mfg Co Inc 
Pleasant Hill, CA 


Correct use of trademark 


In the June 8, 1989 issue of EDN, 
the Special Report on resistor net- 
works contains a misuse of a trade- 
mark on pgs 128 and 132. “Beck- 
man” is a registered trademark of 
Beckman Instruments Inc and 
should never be used to identify our 
company, Beckman Industrial 
Corp, which is an affiliate of Emer- 
son Electric Co. 

We are identified as “Beckman 
Industrial.” A stand-alone “Beck- 
man” in any context may only be 
used in reference to Beckman In- 
struments Ince. 

Janet Vaniman 
Advertising Coordinator 
Beckman Industrial Corp 
Fullerton, CA 


Correction 


The article “Circuit design requires 
thermal expertise” contains an er- 
roneous thermal model on pg 95 in 
EDN’s June 22 issue. This model 
has been commonly used in the 
past. If the junction is the source 
of heat, it must be the hottest point 
in the 1-D thermal model. The ther- 
mal resistances should not be 
shunted by the thermal capacities 
that provide a low-impedance tran- 
sient path. Rather, the capacitances 
must be connected directly to 
ground (ambient) from their circuit 
tie points. 

John P Lintz 

Engineering Section Head 
Honeywell Inc 

Space Systems Group 

Glendale, AZ 
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CRO-C 
THIRD-GENERATION INTERACTIVE 
CIRCUIT ANALYSIS. MORE POWER. 
MORE SPEED. LESS WORK. 


MICRO-CAP III,” the third generation 
of the top selling IBM® PC-based interac- 
tive CAE tool, adds even more accuracy, 
speed, and simplicity to circuit design and 
simulation. extended standard parts library. 

The program’s window-based opera- There's support for Hercules® CGA, 
tion and schematic editor make circuit Transient analysis MCGA, EGA and VGA displays. Output for 
creation a breeze. And super-fast SPICE- laser plotters and printers. And a lot more. 
like routines mean quick AC, DC, Fourier The cost? Just $1495. Evaluation ver- 
and transient analysis — right from sions are only $150. 
schematics. You can combine simulations Naturally, you'll want to call or write for 
of digital and analog circuits via integrated a free brochure and demo disk. 
switch models and macros. And, using 
stepped component values, rapidly gener- 
ate multiple plots to fine-tune your circuits. 

We've added routines for noise, impe- 


Modeling power leaps upward as 
well, to Gummel-Poon BJT and Level 3 
MOS — supported, of course, by a built-in 
Parameter Estimation Program and 


dance and conductance — even Monte 1021 S. Wolfe Road, 
Carlo routines for statistical analysis of Sunnyvale, CA 94086 
(408) 738-4387 


production yield. Plus algebraic formula 

parsers for plotting almost any desired MICRO-CAP IIT is a registered trademark of Spectrum Software. 
; Hercules is a registered trademark of Hercules Computer Technology: 

function. Monte Carlo analysis IBM is a registered trademark of International Business Machines, Inc. 
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ASIC d 
with all the excitement 
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Oki takes the pressure off 


with complete 


ASIC design support. 


ASIC design opens a world of exciting 
possibilities for reducing size, improv- 
ing system performance and increas- 
ing reliability, while lowering costs 
and power requirements. Make the 
most of this potential—and eliminate 
the stress—by working with Oki Semi- 
conductor. Okt's unusually high level 
of design support will help you avoid 
the pitfalls and maximize the advan- 
tages of working with ASICs. 


Complete ASIC design capabilities 

Oki offers complete capabilities for channeled 
gate arrays, sea-of-gates, and standard cells, 
using advanced CMOS technology. We offer 
density to usable 40K gates and performance 
of < 0.46 ns. In addition, we support full cus- 
tom design in high-voltage CMOS, BiCMOS, 
and bipolar technologies. 


Experienced ASIC team at your service 
Whether you're an ASIC design pro or tackling 
your first project, Oki’s team of experienced 
design engineers is ready to assist you. We 
understand the pressures you're under. And 
we'll help you shorten development time, 
improve testability and manufacturability, 
and achieve first-time design success. 

We'll work with you to optimize your circuits 
or develop special cells. From start to finish, 
we'll do whatever it takes to help you succeed. 


Comprehensive set of design tools 

Oki has a full set of powerful mainframe 
design tools which ensure that your design 
will work, be efficient to manufacture, and 
perform reliably: logic, timing and fault simu- 
lations, automatic layout, detailed checking 
of design rules, and automatic test program 
generation. We support many popular work- 
stations. Our large cell library includes many 
highly complex macrofunctions. 


Flexible interface capabilities 

We'll support your own design efforts with 
training, local field engineers, design kits, 
manuals, and libraries. Or you can work in our 
state-of-the-art design centers—independ- 
ently or with our resident engineers—where 
we offer 24-hour access to private, secure, 
fully equipped work areas. And Oki can 
interface at any input level, from schematics 
to asimulated net list. In addition, we offer 

a variety of packaging options, including 
through-hole and surface mount, and we 
deliver reliable volume manufacturing. 


At ORi, we can’t promise an island paradise 
—but we can give you everything else you 
need for stress-free ASIC design. To getall 
the facts, call for our free brochure detailing 
Oki's ASIC capabilities. 


So. Calif. Boca Raton, FL Boston, MA Philadelphia, PA 

(Irvine) 407/394-6099 (Stoneham) (Horsham) 

714/752-1843 Atlanta, GA 617/279-0293 215/674-9511 

(Sherman Oaks ) (Norcross ) Detroit, MI Dallas, TX 

818/990-3394 404/448-7111 (Livonia) (Richardson) 

No. Calif. Chicago, IL 313/464-7200 214/690-6868 

EMICONDUCTOR (San Jose) _ (Rolling Meadows) New York, NY 
408/244-9666 312/870-1400 (Poughkeepsie) EDN090189 

914/473-8044 
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CALENDAR 


Buscon ’89 East, Marlboro, MA. 
CMC, 200 Connecticut Ave, Nor- 
walk, CT 06856. (208) 852-0500. 
FAX 203-838-3710. September 11 
to 14. 


Midcon/89, Rosemont, IL. Midcon/ 
89, 8110 Airport Blvd, Los Angeles, 
CA 90045. (2138) 772-2965. Septem- 
ber 12 to 14. 


Aerospace & Electronics ’89 (con- 
ference), Santa Clara, CA. National 
Computer Graphics Association, 
2722 Merrilee Dr, Suite 200, 
Fairfax, VA 22031. (703) 698-9600. 
FAX 703-560-2752. September 12 
to 15. 


SECS Communications Seminar, 
Boston, MA. GW Associates Inc, 
1183 Bordeaux Dr, Suite 27, 
Sunnyvale, CA 94089. (408) 745- 


1844. FAX 408-745-6395. Septem- 


1989 IEEE Bipolar Circuits and 
Technology Meeting, Minneapolis, 
MN. Jan Jopke, Conference Coordi- 
nation Services, 6611 Countryside 
Dr, Eden Prairie, MN 55346. (612) 
934-5082. September 18 to 19. 


IEEE Holm Conference on Elec- 
trical Contacts, Chicago, IL. 
IEEE Holm Conference Registrar, 
345 E 47th St, New York, NY 
10017. (212) 705-7405. September 
18 to 20. 


1989 Annual Conference of the In- 
ternational Federation of Con- 
sulting Engineers, Washington, 
DC. Jeanne Quick, American Con- 
sulting Engineers Council, 1015 Fif- 
teenth St NW, Washington, DC 
20005. (202) 347-7474. September 
24 to 27. 


Expo SMT International, Las 
Vegas, NV. Expo SMT, Box 1869, 
Los Gatos, CA 95031. (408) 354- 
0700. FAX 408-354-1036. Septem- 
ber 25 to 27. 
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VME BOARD 
COMPATIBILITY 
GOT YOU ABIT 
UP-TIGHT? 
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You'll breathe a lot easier with the “VIC” chip 
designed in. Because it brings real plug-and-play 
compatibility to the VME world. 

The VICO68 is a complete VMEbus 
interface controller on a single device, 4 
destined to become animportant 
new standard for VME developers. “Sem 

The chip was developed through the + “%™ 
joint efforts of VTC andaconsortiumof % 
VME board vendors, under the auspices of : 
the VMEbus International Trade Association 
(VITA). It addresses the long-standing need for a 
compact, fully featured, yet low-cost standard 
interface device—one that isn’t the result of a 
single vendor's design philosophy. 

What it means to VME board designers is en- 
hanced functionality in less real estate. By reduc- 
ing the number of components, it frees up signif- 
icant board space for other features. 

What it means to both VME vendors and sys- 
tems integrators is guaranteed compatibility of 
boards from different suppliers. 


Ltt 
yy? 


VTC incorporated 
Performance, Pure & Simple~ 
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The VIC068 chip drives the bus directly, using 
the mil-standard, qualified, patented output driv- 
ers from VTC’s advanced CMOS logic 
», (ACL) product family. 

on It’s manufactured with VTC’s 
2», proprietary one-micron CMOS 
y standard cell process, providing 
~ gate speeds to 400ps and a clock 

speed of 64MHz. 

4 The VICO68 is available in a low- 
cost, 144-pin, plastic pin grid array (PGA) 
package. A military version of the chip will 
also be available soon. Plus more ICs from VTC 
for a ‘‘total VME solution.” 

So, take the horror out of VME board compat- 
ibility once and for all. Call for complete infor- 
mation on the VICO68 VMEbus Interface 
Controller today. 

VTC Incorporated, 2401 East 86th Street, 
Bloomington, MN 55425 USA. Fax 612/851- 
5199. Telex 857113. (In Minnesota, call 612/ 
851-5200.) 


CALL 1-800-VIC-CMOS 
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QUICK 


TESTING OF CABLE ASSEMBLIES AND HARNESSES 


The Signature 

series of cable/ 

harness testers set the stan- 

dard for performance. Programming 

to test is as quick as plugging inasample cable. 

Assemblies are then tested as fast as you can plug and 

unplug them. Our service and delivery is quick, too! For speedy information, call our 
PRIORITY ONE customer support toll-free 1-800-424-7747. 


CABLE/HARNESS ™ 
TESTING 
MADE EASY 


SYSTEMS CORP. 


1864 S. State, #90, Salt Lake City, Utah 84115 801-466-6600 
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Offer Ends 
Oct. 31, 1989 


Two Outstanding Ways to Save. RigMihow you can 
get our top-of-the-line LP4000” pen plotter loaded with 
extras for just $4,995; or you can get the same package, 
and our PlotServr Plus” file server, for only $5,495. Think 
of it, a complete plotting solution for about half of what 
you might otherwise pay. 


This unique offer ends soon, IOLINE 
so act now. Talk to your local  ———— 
Ioline dealer or call us at PLOTTING SYSTEMS 
(206) 821-2140 for details. A Great Return on Your Investment 


IOLINE CORPORATION 12020 - 118TH AVE. NE KIRKLAND, WA 98034 (206) 821-2140 
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CALENDAR 


Diskcon, San Jose, CA. Julie Sun- 
serl, 710 Lakeway, Suite 170, 
Sunnyvale, CA 94086. (408) 720- 
9352. FAX 408-736-2523. Septem- 
ber 26 to 27. 


IEEE International Conference 
on Computer Design (ICCD ’89), 
Cambridge, MA. Giovanni De 
Micheli, Center for Integrated Sys- 
tems, Room 129, Stanford Univer- 
sity, Stanford, CA 94305. (415) 725- 
3632. October 2 to 4. 


Electronic Imaging Conference 
East, Boston MA. MG Expositions 
Group, 1050 Commonwealth Ave, 
Boston, MA 02215. (800) 228-7126; 
in MA, (617) 232-3976. October 2 
to 5. 


Policy and Parity: The Future of 
US-Japan High Technology Trade 
Policy (symposium), Boston, MA. 
Janet Fannon, Clearpoint Research 
Corp, 99 South St, Hopkinton, MA 
01748. (617) 435-2301. October 12 
to 14. 


Systems 89, Munich, West Ger- 
many. Gerald G Kallman, Kallman 
Associates, 5 Maple Ct, Ridge- 
wood, NJ 07450. (201) 652-7070. 
FAX 201-652-3898. October 16 
to 20. 


Northcon/89, Portland, OR. North- 
con/89, 8110 Airport Blvd, Los An- 
geles, CA 90045. (213) 772-2965. 
October 17 to 19. 


Supercomputing World, San Fran- 
cisco, CA. MG Expositions Group, 
1050 Commonwealth Ave, Boston, 
MA 02215. (800) 223-7126; in MA, 
(617) 282-3976. October 17 to 20. 


Unix Expo ’89, New York, NY. 
National Expositions Co, 15 W 39th 
St, New York, NY 10018. (212) 391- 
9111. FAX 212-819-0755. Novem- 
ber 1 to 3. 
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PC boards of COR-LAM- 
When downtime is simply 
unacceptable. 


You know it already: in military avionics, 


reliability is critical. You simply cannot afford 


equipment failures. 


And with PC boards of DuPont COR: LAM; you can 


help: increase the reliability of your mullth ee dnenitry 


Because COR LAM laminates and prepregs (made 


‘fon a eal sre af KEVLAR? arinild fiber vulable 
only with COR- LAM) work best with the advanced 


chnelacies a surface meuniitie ie fsaaioss ae 


of thermal expansion coefficients— 


With a better-matched CTE, 
PC boards of COR-LAM 
prevent solder joint cracking. : 
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carriers. Providing a better match 


between the board and ceramic 


carriers—to ensure solder joint integrity. 


But COR- LAM goes beyond keeping solder Joints 


dependable. It also decreases the size of your hae 
and weight, by 50% , While | Increasing circuit density 


versus metal core restialae approaches. And with a lower 


dielectric constant than Slass/ epoxy, ite even n increases — 


signal speed. With all that, you need never are WOITY 
about compromised engineering designs. 


COR-LAM is available now, and on the “QPL” for 


Mil-P-13949G. 
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To find out how we can help with your applications, 
call 1-800-527-2601. 


DuPont Electronics 


Share the power of our resources. 


@U PONT 


REG Us PaT & TM OFF 


E-99564 
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NUMBER ONE FOR ASICS 


Innovation: At Plessey, Leadership also means being colorful 

new ideas, new designs, new Plessey’s family of advanced DSP products offer 
applications and new techno- —_you technology leadership in a variety of advanced 
logies are what we do bestand —_ image processing applications. For example our DSP 2D 


what we do first. Convolver can easily handle 40 million pixels per second 
, , it can be tailored t ific applications lik 
Infencoemescans,  fitkgnbs tienen sede lst 
$0 does practicality. The price/ the motion picture industry. 


performance factor is integral 


; It comes with its own cell 
to everything we do. Unlike some, we're not interestedin 44. 
creating flashy technology that no one can afford to use - libraries - written tor DSP- 
or in solutions for which there is no problem! not the typical all-too-gen- 
Leadership means both breadth and depth eral cell libraries others 
Plessey’s broad product line is key to our leadership role, _ fier. Plessey also leads 
We offer an incredible choice of arrays that include our the way with compression 


advanced “Read Channel” disk drive technology that we techniques. And it’s vital technology because as resolution 
offer in highly flexible forms. Custom. Semi-custom. improves with for example, HDTV, color copiers, color FAX 
Standard. Semi-standard...The choice is yours. machines or ultra-sonic imaging; disk space can be quickly 
gobbled up, unless you know how to put the squeeze on 


As an ASIC company we supply the your images, Plessey shows you how. 


world with all manner of ASICs - analog, 
digital and mixed analog/digital in a 
variety of advanced state-of-the-art 
processes. In fine geometry, high 
density CMOS, bipolar and ECL 
technologies we provide the highest 
levels of performance and system 
integration available today. 


The search for excellence is over 
Search no more, start at the top with Plessey. 
Whether you're looking for a low-cost entry in 
stand-alone linear array design, JTAG Built In 
Test capability, machine vision, digital cellular 
phones, satellite or Global Positioning Systems, 
= look to Plessey. We understand systems, com- 
a ponents, packages and systems-on-a-chip. Plessey 
(Application Specific Standard has them all. And you can have them all. 


As an ASSP 


Product) company our standard product range 

offers the highest performance products available For more information and your copy of our 1989 full color 
in the world today. Capabilities ranging from CMOS 80 page short form/brochure call: In North America, 1-800- 
devices operating with only 10uA of current to the 441-5665, (FAX: 408-475-1227) or outside North America, 
world's most advanced 1.3 GHz monolithic amplifier. 44-793-726666 (FAX: 44-793-518550). 


PLESSEY 


Semiconductors 


PLESSEY ; Offices located in: Australia, Austria, Belgium, Canada, Denmark, Finland, France, Greece, Malaysia, New Zealand, Hong Kong, Italy, India, Japan, Korea, Netherlands, Norway, Scandinavia, Singapore, South East Asia, Spain, 
Sweden, Taiwan, Turkey, United Kingdom, United States, West Germany, MEGACELL, PLESSEY and Plessey symbol are trademarks of the Plessey Company pic. 
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If you want the logic equivalent of up 
to fifty 7400 series devices or twenty PLDs 
ona single chip... 

And you want it to run at 50 MHz 
and beyond... 

Just say no to gate arrays. 

With their big-buck NRE charges, long 


lead times, and complex development cycles. 


Find out about our 7C340 EPLD 
Family — an impressive new generation 
in programmable logic. 

New, high density 28, 44 and 68 pin 
PLD devices whose innovative Multiple Array 
MatriX (MAX”) architecture gives you the 
speed and capacity of a gate array. 

But you program our 7C340s like PLDs. 
Only easier. Our MAX+PLUS™ development 
system turns an AT-class machine into an 
astonishing development platform. 

Input a schematic, truth table, state 
machine, Boolean description — or any 
mix — and get automatic synthesis, that 
fits your design to the right sized device. 

Verify with a sophisticated but 
easy-to-use timing simulator and 
input waveform editor. 


inimum effort. 


Program your PLD right on your PC, 
using our QuickPro II” programmer. 
Or use other industry-standard program- 
ming systems. | 
Reprogrammability provides you design, 
prototyping, and manufacturing flexibility. 
Maximum logic replacement gives you 
board space and component cost savings. 
Proven, one-pass design gets you to 
market before your competitors can get 
out of the gate. 
So why mess around with gate arrays 
or imitation gate arrays when PLDs can 
do the job with so much less effort? 


Ets &. 

Free Brochure Hotline: 
1-800-952-6300* 
Ask for Dept. C4D 


*1-800-387-7599 In Canada. (32)2-672-2220 In Europe. ©1989 Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134 Phone: 
(408)943-2666, Telex 821032 CYPRESS SNJUD, TWX 910-997-0753. Trademarks: QuickPro II - Cypress Semiconductor Corporation; MAX, 


MAX+PLUS - Altera Corporation. 


Jesse H Neal 
Editorial Achievement Awards 
1987, 1981:2)-..1978 (2), 


1977, 1976, 1975 


American Society of 
Business Press Editors Award 
1988, 1983, 198] 
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The summer vacation time has come and gone, and I hope all of 
you enjoyed some time off during the summer months. Although 
engineering can be fun, it’s important to remember that there is 
more to life than circuits, computers, projects, and deadlines. All 
too often we get caught up in our own world of work; we forget 
to smell the roses, to watch the sunset. 

I have a close friend who forgot that life is to be enjoyed. He 
forgot that every waking hour isn’t to be spent taking on more 
and more work. As I remember being with him, I can recall hardly 
any time when he wasn’t working. Whether he was writing soft- 
ware or toiling in his garden, it was work, work, work. I suppose 
some of his attitude stemmed from the pressures of the work ethic, 
but some of it was self-imposed, too. 

As a youngster, he was always pushing himself to do more and 
more, better and better. Never a rest, always moving on to bigger 
projects. Always trying to achieve more and more. When he went 
to college, he completed a BS in chemistry and went directly into 
a PhD program. No time for a rest—he might miss something 
important. Vacation and time off weren’t that important and could 
be taken later. 

Unfortunately, my friend let the work ethic steer him to disaster. 
After a separation from his wife he moved to a new town to start 
putting his life back together. But he was still driven by work and 
even more work. While waiting to start a new job he taught courses 
at a local community college, took computer courses, and then 
spent weekends at an Army Reserve unit. He’d take a weekend 
off some other time. He was also winding up some business affairs 
and working on two outlines for computer and electronic books 
he wanted to write. He was pushing himself too hard and trying 
to do too much, and he wouldn’t listen to my advice to slow down. 

In June 1985 the pressure caught up with him. Returning from 
an Army Reserve weekend, he fell asleep at the wheel of his car 
and hit a tree, sustaining major brain damage. Yes, he wore a 
seat/shoulder belt and didn’t suffer any broken bones. But today, 
this holder of a PhD works part time in the mail room of a medical 
facility. He also delivers flowers at a nearby hospital. That’s about 
all he can do. Sometimes he gets disoriented and loses his way. 
He can’t remember which bus to take, so he can’t rely on public 
transportation. He’ll never get better and he must live in a super- 
vised housing system. He is 38 years old. 

So, the next time you feel the pressure building and think you 
can’t escape from a deadline, remember that the world isn’t made 
up of work alone. Part of life is stopping long enough to enjoy it 
and to remember how precious it is. We never know how much 
life we’ve been given. Don’t waste what you’ve got left. 


Jon Titus 
Editor 
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SIEMENS 


The internationals 


Our power-line filters safeguard 
and link Europe’s networks. 
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Before you start racking your brain 
about RFI problems, take a cool, 
calm look at Siemens range of 
power filters. Our SIFI range is so 
comprehensive, we're more than 


likely to offer what you're looking for. 


The options are almost limitless — 
features like flat plugs, screw or 
connecting terminals and IEC plug 
make terminations simpler. 
Furthermore all comply to interna- 
tional standards such as UL, CSA, 
VDE, SEV, Semko, Demko etc. 
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A19100-PR101 -X-7600 


SIF! power-line filters (Series 

A to E) are designed for current 
ratings up to 20A, and an attenuation 
in the range of 10 KHz to 100 MHz. 
Care to find out more? 


For information on our range 

just write 

Siemens AG, 

Division Passive Components and 
Electron Tubes, PR VF, 
Balanstrasse 73, 

D-8000 Munchen 70, 

quoting “SIFI power-line filters”: 


The components make it - 
Siemens 
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FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST & MEASUREMENT 


® 


is PHILIPS 


Take a high performance test drive 


ON BONGE Ge plIEEL EINE RIA BES SEH 


PM3340 PM3285A 
@ 2 GHz bandwidth @ 200 MHz bandwidth 
@ 20 ps/div sweep time HM 2 ns/div sweep speed 
@ Eye pattern display mode @ Dual delayed sweep 


When you re looking for a high frequency ‘scope, take a test drive with Philips. 


___ You can really put your foot down with bandwidths of up to 2 GHz. And there's a host of other features 
enabling you to analyse high speed circuits for a wide range of applications including video processing, 


___EDP and communications. 


You'll stay in perfect control thanks to the ergonomic front panel design which means the same ease of 
use as our low frequency models. 


Call Philips to book your test drive now. 
PHILIPS 


= 


PM3295A 

@ 400 MHz bandwidth 

@ 74 KV high resolution CRT 
@ Cursor measurements 


For further information, call your local supplter. 

Austria (0222) 60101-17/2, Belgium (02) 5256692/94, Denmark 
(01) §72222, Finland (0) 026371 France (1) 49428080, Germany 
(567) 50/466, Great Britain (923) 2405/1 Ireland (61) 30332, __ 
Italy (039) 3635240/8/9, Netherlands (13) 352455, Norway” (2) 
680200, Portugal®™ (1) 7100/1, Spain (1) 4042200, Sweden (6) 
7031000, Switzerland (1) 4882390. 

*For Philips products only. 

For countries not isted, write to: Philips IGE 18M Deparment, 
Building HKF 5600 MD Eindhoven, The Netherlands. 


PHILIPS 


Maximum LIEEE-488 Performance 
for Your High-Speed AT Computer 


The National Instruments AT-GPIB... 
the new standard for IEEE-488 interfaces 


At last, a low-cost IEEE-488 PC/AT controller board can 
transfer data continuously at the maximum specified rate of 
1 Mbytes/sec. The key to this high performance is the state- 
of-the-art FIFO buffering and special last-byte handling 
circuitry of our custom gate array, Turbo488™. The 
Turbo488 also conserves valuable computer bus bandwidth 
by packing 8-bit IEEE-488 data bytes into 16-bit words. 


By moving time consuming software functions into 
hardware, the Turbo488 significantly reduces the overhead 
of a software driver too. The combination of the AT-GPIB 
and our streamlined software driver gives you the power 
needed for today’s high speed digitizers. 


The AT-GPIB is controlled by the de facto 
industry standard NI-488 software. NI-488 
has high-level routines that transparently 
handle IEEE-488 protocol and buffered DMA 
transfers. These routines can be used with 
any popular language and are the perfect 
match for the structured, hierarchical 
programming style preferred by users of 
high-speed, compiled languages such as C 
and Pascal. 
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If you are familiar with dedicated 
controllers, NI-488 gives you the op- 
tion of using our Universal Language 
Interface driver with any DOS language 
to program with Hewlett-Packard style 
commands. The speed of this driver is best 
suited for interpretive languages like BASIC. 


Your investment in National Instruments is a 

sound one. You can still run your existing NI-488 
programs yet automatically take full advantage of the 
Turbo488. If you’re just getting started, our interactive 
instrument control and menu-driven configu- 
ration utilities will get you up and running in 
no time. 

oe Your relationship with National Instruments 
does not end when you purchase our products. 
A staff of applications engineers is always a free 
phone call away. Demand the best IEEE-488 
controller available . . . give us a call today at 
(800) IEEE-488. 


Ask for a FREE Catalog 


NI-488 
& 
Turbo488 


Turbo488 technology is standard on our boards for Micro Channel and Macintosh computers 


Qonstaomenrs 


The Software is the Instrument ™ 


12109 Technology Blvd. 
Austin, Texas 78727-6204 
(512) 794-0100 
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A PERSPECTIVE ON ANALOG SYSTEM DESIGN 


Next-generation analog: 
Advanced Linear ICs 


~ Anew breed of linear chips, born of leadership processing at 
Texas Instruments, can help you design superperformance systems. 


he human brain has separate 
but dependent left and right sides. 
Similarly, an electronic “brain” or 
system has separate but dependent 
parts, one digital, one analog. De- 
signers accustomed to the spec- 
tacular performance gains made in 
digital chips are now demanding 
comparable improvements in 
analog devices so that both parts of 
their systems can function to full 
potential. Leading the analog evolu- 
tion: Advanced Linear circuits 
from Texas Instruments. 

These new chips are called 
advanced for one or more reasons. 
They are more highly integrated 
than ever before, often combining 
digital and analog functions on a 
single chip. They offer higher per- 
formance and greater flexibility. 


Sophisticated design and simulation tools shorten development cycles of TI’s Advanced Linear 
ICs, helping you get to market faster. By using these tools, TI can offer as standard circuits many 
designs that previously would have had to have been customized. 


They are often the result of 
advanced processing that may 
merge two or more technologies. 


Better parameters 
from better processing 


Because advanced analog system 
requirements for performance and 
flexibility vary greatly, a single 
workhorse technology typically 
can’t do the job any longer. Nor 
can creative circuit designs alone. 
We at TI are convinced the key to 
driving the linear evolution lies in 
the excellence of our processing 
technologies. 

TI is committed to developing 
and implementing a range of leader- 
ship wafer-fabrication processes (see 
descriptions on back page). The 


result: TI’s Advanced Linear 
devices are already helping system 
designers link digital brains to 
advanced analog worlds more effi- 
ciently and with greater ease in 
many applications. Here are a few 
examples. 


Advanced Linear: 
Displaying greater brilliance 


Out of our pacesetting LinEPIC™ 
processing comes our high-perfor- 
mance Color Video Palette, operat- 
ing at 125 MHz with a very high- 
resolution 1024 x 1024 pixel count. 
Because of one-micron CMOS 
processing, power consumption is 
reduced more than 40% compared 
to other CMOS implementations. 
Additionally, the device is pack- 


IN THE ERA OF MEGACHIP™ TECHNOLOGIES 


...the key to driving 
the linear evolution lies 
in the excellence of 
processing technologies. 


aged in reliable, economical plastic. 
LinEPIC has also produced such 
high-speed, high-density interface 
chips as our Flash A/D and our 
Video DAC for use in graphics dis- 


plays, imaging systems, monitors, 


chips are ideal for use in automo- 
tive antilock braking systems, 
electronic transmissions, and active 
suspension systems. 

Either technology can produce de- 
vices with low-side drive, high-side 


High-density Analog Interface Circuit chips demonstrate the greater integration achieved by TT’s 
innovative linear processing technologies. These DSP interfaces allow you to alter circuit configu- 
ration under software control without external adjustments. 


and cameras. Both devices require 
about five times less power than 
bipolar equivalents. 


Advanced Linear: Intelligent 
power for every car 

Chips fabricated with our Power 
DMOS-based BIDFET™ processing 
are replacing electromechanical 
relays in many automotive applica- 
tions, such as driving headlamps 
and motors. Power BIDFET allows 
us to minimize power loss in the 
switch and add high-complexity 
logic functions. 

Multi-EPI bipolar processing, a 
very cost-effective technology, is 
used to produce chips having 
inherent reverse battery protection 
and high operating voltages. Such 


drive, or H-bridge configurations. 
In the future, these developments 

may lead to multiplexed systems 

for cars, replacing bulky wiring 

harnesses. 


Advanced Linear: Enhancing 
modems and facsimiles 

TI’s dual driver/receiver is a good 
example of the integration 
achieved with advanced processing 
technologies. LinBiCMOS™ 
processing has enabled us to put 
the drivers and receivers needed for 
RS-232 voltage levels on the same 
chip with the charge pump 
required to generate the necessary 
split rails from a single 5-V supply. 
You eliminate external power sup- 
plies and get a device that’s easier 


to design with—it is available in 
our LinASIC™ cell library for 
integration with digital ASICs. 

A new family of Analog Inter- 
face Circuits (AICs) is emerging 
from our Advanced LinCMOS™ 
processing. The voice-band AICs, 
designed for modems and fax equip- 
ment, combine high-performance 
analog functions—14-bit A/D and 
D/A converters and switched 
capacitor filters—with digital 
functions such as control circuitry, 
program registers, and DSP inter- 
face. The usual clutter of resistors, 
capacitors, and pots is eliminated. 

High-speed AICs are available 
for use in servo controllers and 
hard-disk-drive applications. 

These AICs are also high-perfor- 
mance members of our LinASIC 
standard-cell library. Based on TI’s 
proven digital ASIC method- 
ologies, the LinASIC library has 
allowed us to develop complex, 
semicustom chips in as little as 


16 weeks. 


Advanced Linear: Boosting 
instrumentation accuracy 


Even one of the most basic analog 
building blocks, the operational 
amplifier, is benefiting from TT’s 
Advanced Linear technologies. 
Our Excalibur op amp family com- 
bines low power consumption with 
a 5X speed improvement while 
retaining low offset voltages. Offset- 
voltage drift has been cut from 

300 uV to 60 LV to reduce your 
calibration, test, and measurement 
expenses. 

For high-accuracy applications, 
Advanced LinCMOS is making 
possible Chopper Stabilized Op 
Amps with chopping frequencies 
10 times higher than previously 
available (10 kHz). Noise levels are 


the lowest on the market. 


The evolution in analog devices 
has only begun. Dramatic progress 
lies ahead throughout the 1990s. 
As the Advanced Linear leader, 
Texas Instruments is pledged to 
remain at the forefront, supplying 
you with new ways to link digital 
brains to advanced analog worlds. 


/ 
For suggestions on choosing a linear supplier, 


turn the page. 


A PERSPECTIVE ON 


40% of all CMOS and BiCMOS 
standard-cell and compiled chip designs 
will have less than 5% of the chip’s 
transistors used for analog functions. 


56% of designs will have 
5%-50% analog content. 


4% of designs will have more 
than 50% analog content. 


PERVASIVENESS OF ANALOG FUNCTIONS IN ASICs BY 1990 


‘Source: The Tec! hnolog #y Rese: arch G 1p, Inc. 


Circuits esrubinine analog fanciers with digital losis wills soon he acme in ASIC chi 
designs. TI is taking a leadership role with the development of its LinASIC methodology. 


Checkpoints for choosing an analog 


supplier in the 1990s. 


Questions and answers with Tom Engibous, Vice President, Semiconductor Group, 
and Manager, Linear Products, Texas Instruments Incorporated. 


Q. What is the first thing to look 


for in choosing a linear supplier? 


A. Product performance is definite- 
ly the first priority. Our customers 
are asking for ever-increasing linear 
device performance. At TI, we 
believe creative circuit designs 
alone won’t meet the challenge. 
Advanced process technologies— 
note the plural—are becoming the 
keys to success in linear device 
performance of the ’90s. 


Q. What else should a designer 


look for? 


A. Whether or not the supplier has 
experience with digital as well as 
analog devices. These two worlds 
are merging (see chart above). Func- 
tions once performed by analog are 
now done digitally, and a growing 
percentage of our Advanced Linear 
devices combines analog and digi- 
tal circuitry on one chip. 

At TI, we’ve leveraged our 30 
years of digital expertise into the 
development of our Advanced 
Linear products and processing 
with highly satisfactory success. 
This has been especially noticeable 


with our LinASIC methodology. 


Q. Do you expect ASICs to play a 
major role in your linear future? 


A. Very definitely, as they already 
do today. Cell-based designs will be 
the rule in both user-specified func- 
tions and highly integrated stan- 


dard products. Digital ASIC 
methodologies are also the key to 
cutting system design cycles. As our 
digital experience proves, suppliers 
who have advanced process tech- 
nologies and fast, accurate design- 
automation tools will be the best 
equipped to deliver single-chip 
solutions. 

Today, we have customers doing 
their own LinASIC designs using 
our advanced processes and design- 
automation tools. 


Q. What role does manufacturing 
capability play in picking a 
supplier? 

A. It is always a factor, and the 
need for efficient worldwide 
manufacturing facilities such as T] 
has in place will become even more 
important. Today’s semiconductor 
market is global in nature. You 
can’t serve worldwide customers 
from a single plant—you have to be 


“multilocal.” This is particularly 
true with ASICs. 


Q. Any other important factors? 


A. Yes, I’d suggest that, in choosing 
a linear supplier, the designer find 
one he can live with for a long 
time. Close supplier-customer 
relationships are essential to the 
development of products that will 
provide the highest performance 
and lowest cost systems. 


ANALOG SYSTEM DESIGN 


TI’s Leadership Linear 


Processing Technologies 


LinBiCMOS—Combines Ad- 
vanced LinCMOS, digital ASIC 
CMOS, and up to 30-V bipolar 
technologies to allow the integra- | 
tion of digital and analog standard 
cells and handcrafted analog 
components on a monolithic chip. 

LinEPIC—One-micron CMOS 
double-level metal, double-level 
polysilicon technology which adds 
highly integrated, high-speed 
analog to the high-performance 
digital EPIC process. 

Advanced LinCMOS—An 
N-well, silicon-gate, double-level 
polysilicon process featuring im- 
proved resistor and capacitor struc- 
tures and having three-micron 
minimum feature sizes. 

Power BIDFET—Merges stan- 
dard linear bipolar, CMOS, and 
DMOS processes and allows inte- 
eration of digital control circuitry 
and high-power outputs on one 
chip. Primarily used for circuits 
handling more than 100 V at cur- 
rents up to LOA. | 

Multi-EPI Bipolar—A very cost- 
effective technology that utilizes 
multiple epitaxial layers instead of 
multiple diffusion steps to reduce 
mask steps by more than 40%. 
Used to produce intelligent power 
devices that can handle loads as 
high as 20 A and voltages in excess 
of 100 V. 

Excalibur—A true, single-level 
poly, single-level metal, junction- 
isolated, complementary bipolar 
process developed for high-speed, 
high-precision analog circuits 
providing the most stable op amp 
performance available today. 


Our just-published Advanced Linear 
Circuits brochure examines more fully 
the changes taking place in analog sys- 
tem design and their impact on linear 
devices. The brochure also describes 
TT’s leadership processing technologies 
and explains the performance improve- 
ments that result. For your copy, call 


1-800-232-3200, ext. 3407, today. 


™ Trademark of Texas Instruments Incorporated 


© 1989 TI 08-8459 
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PHILIPS 


Tomorrow's manufacturing 
technologies today... 

without the 
Investment. 


Philips Circuit Assemblies is your leading source for custom 
printed circuit board assemblies, subassemblies and complete 
box-level contract manufacturing of your electronic products. 


We're specialists in PC board assembly, committed to long-term 
service to customers. 


We'll work with you at any stage of product development — 
design the board to your specifications, adapt your existing cir- 
cuitry to higher-density configurations, or reduce circuit size to 
meet system packaging goals. 


Fast, economical solutions. 


Our high-speed, flexible placement equipment can meet your 
most difficult demands — including high pin-count, fine-pitch 
placement. You take advantage of state-of-the-art technologies 
immediately, while reducing capital investment and limiting 
on-hand inventory costs. 


Philips Circuit Assemblies provides you with both high-volume 
and low-volume turnkey manufacturing with total test 
capabilities — including in-circuit, functional, and burn-in. In ad- 
dition, custom-designed hardware and software test systems 
can be developed for your specific requirements. 


To learn more, write for our capabilities catalog: Philips Circuit 
Assemblies, A Division of North American Philips Corporation, 
Corporate Advertising, 2001 W. Blue Heron Blvd., P.O. Box 
10330, Riviera Beach, FL 33404, or call 1-800-522-7752 (in 
Wisconsin, dial 414/785-6359). 
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Products of Your Environment. (7 


connector so tough, you could 

roll a 5 ton truck over it. A Parallel 
Interconnect that allows a gas-tight 
interface in 60 seconds flat. A cabling 
assembly enabling a single connector 
to handle electronic signals, fiber 
optics and power supply. 


These are but a few 
innovations in interconnections 
from ITT Cannon. But we couldnt 
have done it without you. Because 
success throughout our company 
relies on a thorough knowledge 
of your company’s environment. 


Take strategic partner- 
ing, for example. We don't create 
a custom solution by shaking your 
hand and jotting down a few notes. 
When we design-in, we get inside 
your environment. 


Then there's Cannon's 
near-zero defect rate. It got that 
way, and stays that way, because we 

test each product in a carefully 
simulated environment. 


As for delivery, we built 
a dependable system by studying 


the needs and scheduling realities 
of our customers business environ- 
ments worldwide. 


And Cannon stays price 
competitive by always asking the 
question, “How will this connector 
be used?” Considering the connec- 
tor’s ultimate environment has taught 
us that keeping quality high ends 
up costing our customer less. 


So if you'd like a part- 
ner who will take the time to learn 
about your environment, take a 


moment to contact ITT Cannon 
at (714) 261-5300. 


Worldwide Headquarters 
1851 East Deere Avenue 
Post Office Box 35000 
Santa Ana, CA 92705-6500 


7) a : TTT Cannon 


An ITT ElectroMechanical Components Worldwide Company 


Discover our strengths. 
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PC operating sys- 
tems have no built- 
in security safe- 
guards. To keep 
your data safe, you 
must deny snoop- 
ers access to the 
computer, encrypt 
your files, and lock 
up your primary 
storage at night. 


Chris Terry, 
Associate Editor 
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Hardware and software 
keep your PC data safe 


s PCs and workstations be- 
come standard office tools, 
their users must be as cogni- 
zant of computer security as 
users of the erstwhile domi- 
nant mainframes. Office PCs and work- 
stations are liable to store, or have 
access to, files that con- 
tain sensitive data that 
was once found only in 
the mainframes of an 
MIS department: person- 
nel files, current financial 
operations and _projec- 
tions, and proprietary or 
classified design and 
manufacturing data (par- 
ticularly in companies 
that handle DoD con- 
tracts). 

The question then 
arises: How much secu- 
rity is enough? Compa- 
nies that handle DoD 
contracts have no 
choice—NSA-approved 
security equipment and 
procedures are manda- 
tory. But even companies 
that don’t handle classified information 
must protect the data on which their 
business depends, and they must strike 
a balance between doing nothing (which 
leaves them open to disaster) or install- 
ing such stringent security measures 
that productivity suffers (which may re- 
sult in users trying to ignore these 
measures, or merely being sloppy about 
observing them). 

The security problem is further com- 
pounded by the increasing use of com- 
puter-to-computer communications over 


local-area networks, as well as over the 
PSTN (Public Switched Telephone Net- 
work). There are key issues you must 
consider if your company has reached 
the stage where some security measures 
have become essential. These measures 
fall into three general categories: 


Illustrations by Jon Mcintosh 


@ Denial of unauthorized external 
access to a running computer 
(computer phreaks, worms, vi- 
ruses) 

@ Denial of unauthorized internal ac- 
cess to individual files in a running 
computer (accidental or deliberate 
snooping by an employee) 

@ Protection of active and archived 
files associated with an _ unat- 
tended or shut-down computer. 

Most security experts agree that the 

best protection against snooping is to 
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Computer security 


deny all unauthorized persons any 
access to the computer; however, 
any computer system that allows 
operation by a remote user via a 
modem and telephone line is to 
some degree vulnerable. There are 
several possible ways to make an 
external user prove that he is who 
he says he is. If you’re concerned 
about unauthorized modem access, 
a call-back security device will 
probably meet your requirements. 
A call-back device denies all access 
when the external applicant first es- 
tablishes a connection. Instead, the 
device prompts him for a password 
and immediately hangs up. The 
communications software looks in 
the password file (which may itself 
be encrypted for extra security) to 
find the password supplied by the 
applicant and, if successful, it re- 
turns the telephone number associ- 
ated with that password; the call- 
back device then dials that number, 
establishes a modem connection, 
and permits the applicant to go 
through standard log-in procedures. 

One such device, the 232MSD 
Modem Security Device from B&B 
Electronics ($129.95), handles a sin- 
gle communications port and works 
with most stand-alone modems that 
are compatible with the Hayes AT 
command set. There are also more 
expensive multiport security de- 
vices for use at mainframe or mini- 
computer sites. Call-back security 
devices are highly effective barriers 
to unauthorized modem access— 
even if a snooper steals or discovers 
a valid password, it won’t get him 
even as far as the log-in procedures, 
because he won’t be at the genuine 
user’s phone number. 


Typing style can identify you 

A hardware/software package 
that verifies one or more physical 
characteristics of the applicant is 
another effective guarantee that a 
local or remote applicant is indeed 
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an authorized user. You can obtain 
peripheral devices that verify the 
applicant’s handwriting, voiceprint, 
fingerprint, or retinal image. Usu- 
ally, only large installations that 
handle highly classified information 
can justify the high cost of these 
peripherals and the heavy software 
overhead. 

Electronic Signature Lock Corp 
offers its ESL software package 
($500 for a single PC to $100,000 
for a customized mainframe ver- 
sion) for single-user or networked 
PC installations. This package ana- 
lyzes the applicant’s keystroke pat- 
terns while he enters a password 
or other set phrase. The software 
contructs a relative timing profile 
based on the intervals between the 
characters and compares this profile 
to the reference profile that was 
stored when the applicant was first 
authorized. Of course, each person’s 
typing, like a signature, shows vari- 
ations induced by the moment-to- 


moment circumstances, state of 
health,’ and so on. However, the 
program uses very sophisticated 
statistical algorithms that take into 
account such variations. The com- 
pany claims that the probability of 
an unauthorized person gaining ac- 
cess is less than one in one million, 
even when that person knows the 
access phrase or password. For 
high-security installations, it offers 


a more elaborate package, CESL, 
which continuously monitors the 
user’s typing patterns and can de- 
tect whether the current user is the 
same one who was originally given 
access. The CESL can even deter- 
mine if the user is under abnormal 
stress. 


Permission-level hierarchies 


Mainframe operating systems 
nearly always have a multilevel ac- 
cess-control system that grants you 
permission to read, write, or exe- 
cute your own files, but restricts 
your access to other files according 
to the authorizations granted by the 
system administrator or by the files’ 
owners. Some LAN file servers im- 
plement a similar multilevel sys- 
tem. In addition, individual applica- 
tion programs (such as database 
managers) may add their own sys- 
tem of read/write permissions. 

If everyone strictly observes all 
the rules and frequently changes 
passwords, the passwords and mul- 
tilevel permission layers give ade- 
quate protection against casual 
snooping or accidental access to pro- 
tected files. But there are several 
loopholes that should be plugged. 
First, individual users often choose 
insecure passwords (four to six 
characters, often a birthdate, li- 
cense plate number, or some similar 
personal parameter that is easy to 
remember). Such passwords are 
much too short to offer any real pro- 
tection against guesswork by a de- 
termined snooper who has some 
knowledge of the company and its 
computer users. 

Further, a knowledgeable and 
determined snooper who has gained 
permission to log on may then be 
able to access (and even modify) the 
file containing the passwords them- 
selves. Although a mainframe OS 
may have additional safeguards 
against this, PC operating systems 
such as MS-DOS and OS/2 have no 
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such built-in safeguards and no 
privilege levels—once you have 
gained access to the operating sys- 
tem you can do anything that an 
authorized user can do, such as 
reading, changing, or deleting data 
files or formatting the disk to de- 
stroy all data. 

A software package that erects 
effective barriers against unauthor- 
ized access to the files stored in a 
shared PC is Fischer’s Watchdog 
($295). On IBM PCs or compatibles, 
software-protection packages are 
usually installed on the hard disk 
and are automatically invoked when 
you boot (or reboot) the system 
from one of the logical drives on the 
hard disk (usually the C: drive). 
You can (unintentionally or deliber- 
ately) defeat such packages by boot- 
ing from a floppy disk, using a sys- 
tem disk that doesn’t call up the 
protection package. Watchdog 
forces you to boot from the prede- 
termined drive, prompts you for 
your password, and then places you 
in a Shell that displays only the di- 
rectory areas for which you are 
authorized. The system administra- 
tor can set the permission levels for 
the system, for each directory area, 
and for each user. He can also desig- 
nate certain directory areas as “se- 
cure;” files in secure areas are auto- 
matically encrypted, using the com- 
pany’s proprietary encryption algo- 
rithm. 

Furthermore, Watchdog can 
deny such dangerous commands as 
FORMAT to all except the most 
privileged user. As an additional se- 
curity aid to the system administra- 
tor, Watchdog provides an auto- 
matic audit trail of all system activi- 
ties, by user, and reports any at- 
tempt to violate permission levels. 

An additional safeguard from Fis- 
cher is Armor ($150), a half-card 
that absolutely defeats an attempt 
to boot from any drive except the 
predetermined one, making it im- 
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possible to bypass Watchdog. The 
half-card also provides hardware 
Data Encryption Standard (DES) 
encryption/decryption of secure 
files, which is considerably faster 
than the software algorithm. 


Malice aforethought 


From wormses and horses, 
And dativorous beasties, 
And disks that go bump in the 
night, 
Good Lord, deliver us. 
—A Programmer's Prayer 


Users and operators of public bul- 
letin boards have for some years 
been aware of the existence of vari- 
ous kinds of destructive programs. 
The three main categories of de- 
structive programs are the worm, 
the Trojan Horse, and the virus. 
All of them enter your system unbe- 
knownst to you via a seemingly in- 
nocent floppy disk or via some loop- 
hole in your security measures. A 
worm attaches itself to an execut- 
able program (often COM- 
MAND.COM) and forces your sys- 
tem to replicate the worm and run 
it. A worm doesn’t usually do much 
harm to your data files, but creates 
a state in which worms call and run 


other copies of the worm until all 
your computer resources are tied 
up. The most famous (or infamous) 
example is the worm that immobi- 
lized nearly 7000 Unix systems on 
the Internet network in November 
1988. 

A Trojan Horse appears to do 
something useful, but also does 
something destructive, such as de- 
leting or mutilating files. Trojan 
Horses don’t usually replicate 
themselves, but can be made to look 
like a valid command, so that the 
damage increases every time you 
run that command. 

A virus not only does some dam- 
age, but can also infect other 
executable programs, so that every 
time you run one of the infected 
programs, the damage (and the de- 
gree of infection) increases. Fur- 
ther, if an infected program can 
move from one machine to another 
(as it might do over a LAN), it can 
infect all the programs resident in 
the target machine. You may not 
know, until it’s too late, that your 
system is infected; many known vi- 
ruses lie dormant until a trigger 
(such as a date or other random or 
periodic key) sets off both self-repli- 
cation and the damaging action 
(such as deleting files or reformat- 
ting your hard disk). 

Viruses are becoming more of a 
problem, and all you can do is install 
a virus detector, a virus remover, 
or both, and be alert for signs of 
unusual activity. And never, never 
run a new program (especially one 
residing on a diskette from an un- 
known source) until you’ve thor- 
oughly checked it with antiviral 
tools. 

There are two types of virus de- 
tectors: integrity checkers and 
monitors. Integrity checkers let you 
create a unique checksum or other 
signature for each program on your 
disk, and at bootup time examine 
each program to see if the signature 
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has changed. If so, they alert you 
to a possible problem. Some integ- 
rity checkers, such as MDC Soft- 
ware’s $59.95 Integrity Shell, check 
the signature each time you run a 
load-and-execute instruction; if the 
signature doesn’t agree with the 
reference signature, execution is in- 
hibited. Integrity Shell uses a 
pseudo-cryptographic checksum 
that is more difficult for viruses to 
break than the more usual cyclic re- 
dundancy checksum (CRC). Moni- 
tors continuously examine the in- 
terrupt activity and alert you if 
something occurs that the pro- 
gram’s author thought was suspi- 
cious. 

Virus removers examine all the 
files on your disk and attempt to 
find the footprints of viruses known 
to the authors of the remover. The 
best programs automatically re- 
move known viruses; at the very 
least, the program will alert you to 
a possible problem. The best-known 
virus removers are WorldWide 
Data Corp’s $129.95 Vaccine and 
Computer Integrity Corp’s $69.95 
Vaccinate Plus, but there are many 
others for IBM PCs and compa- 
tibles, Macintoshes, and Unix sys- 
tems. 

Remember, virus removers can’t 
detect viruses that are not known 
to the authors of the remover. 
When evaluating an antiviral pro- 
gram, your best policy is to check 
how many viruses the program will 
handle or how many updates there 
have been—and don’t forget that 
your backups, as well as your hard- 
disk-resident programs, may be- 
come infected. Check, check, and 
recheck! 


Encryption—the final bastion 


If you're seriously planning to 
protect your sensitive data files, the 
best way to do so is to encrypt 
them. Some people are less than en- 
thusiastic about encryption, argu- 
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The Plus Passport removable hard-disk drive comes with an external or internal base 
housing, a 20M- or 40M-byte drive that slides out of the housing by releasing a catch, and 


a PC or Micro Channel adapter. 


ing that a determined data thief can 
often decrypt your files. But, if you 
use one of the programs that imple- 
ment the NSA-approved DES algo- 
rithms in hardware or software, the 
data thief had better also be a 
damned good cryptanalyst (or else 
have somehow persuaded you to 
disclose the decryption key for each 
file). 

Encryption is particularly neces- 
sary when two or more nodes of a 
LAN must share sensitive files. A 
large LAN is likely to have a net- 
work analyzer attached to it for 
troubleshooting and _ corrective 
maintenance. The danger is that a 
network analyzer can not only in- 
tercept and display all traffic pass- 
ing over the network but can also, 
in the hands of a knowledgeable 
snooper, be made to simulate a node 
that has authorized access to sensi- 
tive data. 

Fischer’s Armor half-card imple- 
ments the DES algorithms in hard- 
ware and works very quickly. This 
card automatically encrypts and de- 
crypts files that reside in directories 
designated as “secure” by the 
Watchdog program. 

There’s a raft of Terminate-and- 
Stay-Resident (TSR) or stand-alone 


programs that implement the DES 
algorithms in assembly language; 
these are slower than any hardware 
implementation, but they’re fast 
enough for day-to-day use. Two of 
the least expensive are Borland In- 
ternational’s $69.95 Superkey and 
Wisdom Software’s $69.95 File En- 
crypt. 

Superkey includes DES encryp- 
tion/decryption among a host of 
other features, such as keyboard re- 
definitions and macros, data-entry 
format control, command-stack ed- 
iting and recall, single-key screen 
blanking, and keyboard locking. 
Fast screen-blanking is valuable if 
a visitor approaches while you’re 
displaying sensitive data; the key- 
board lock is handy if you have to 
leave the room while you're in the 
middle of a job. The keyboard-lock 
feature disables the keyboard (and 
doesn’t allow even Ctrl-Alt-Del re- 
booting) until you enter your pass- 
word. 

If you're really in a hurry to get 
a file encrypted, Superkey lets you 
use Borland’s proprietary encryp- 
tion algorithm which, though less 
secure than the DES algorithm, is 
much faster. To highlight the differ- 
ence, Borland’s support department 
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Finaty, high resolution time 
interval measurement at an 
affordable price. The SR620 
Universal Time Interval 
Counter offers 4 ps single-shot 
LSD on time intervals, and Il 
digits of frequency resolution 
in one second. With powerful 
arming, gating, and triggering 
modes, the SR620 can mea- 
sure time interval, frequency, 
period, pulse width, and phase, 
as well as rise and fall times. 


The SR620 has built-in sta- 
tistical functions, including 
mean, min, max, standard 
deviation, and Allan variance 
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for up to | million samples. 
Results may be displayed on 
the front panel, and graphed in 
histogram or strip chart form 
on an X-Y oscilloscope. Hard- 


copy is directly available on a 


plotter, printer, or chart 
recorder. — Pa 
With both RS-232 and GPIB. 


interfaces standard, the SR620 
is also ideal for ATE applications. 


Whatever your time or fre- 
quency measurement needs 
may be, the SR620 is the 
answer. For more information, 
call us at 408) 744-9040. | 


G | STANFORD RESEARCH SYSTEMS 


1290 D Reamwood Avenue, Sunnyvale, CA 94089 
_ TEL (408) 744-9040 FAX 4087449049 TLX 706891 SRS UD 
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The SR620 fo provides graphic display of 


histograms and strip charts on any X-Y 


oscilloscope. With Autoscale and 
Zoom, graphics can be easily scaled. 
Attach a dot matrix printer or an 
HP-GL plotter and obtain hardcopy of 


any graph. 
SR620 $3850 
Single-shot resolution 4 ps 
Time interval jitter 20 ps rms 
‘Maximum time interval 1000 s 
Maximum frequency 1.3 GHz 
Frequency resolution 10° Hz 
Phase resolution 0.001° 
Statistics — Mean, Min, Max, 
Std. Dev, and Allan Var. 
Sample size 1 to 10° 
Analyzer Display on X-Y scope — 
Graphics Histogram and — 
Strip Chart 
Hardcopy Printer/Plotter _ 
Interfaces — GPIB and RS-232 
Oven Timebase (5x 10“°/day) $950 
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ran a speed check of both methods. 
The original file was a 496k-byte 
text file. Using the DES method, 
encryption took 4 minutes and 8 sec 
(2k bytes/sec); the proprietary algo- 
rithm completed the encryption of 
the same file in 42 sec (11.8k bytes/ 
sec). Thus, the proprietary algo- 
rithm is nearly six times as fast as 
the DES algorithm. Both methods 
write the encrypted version over 
the original clear-text version. 

File Encrypt runs either under 
MS-DOS or OS/2, and creates a 
separate file in which it places the 
encrypted version; the clear-text 
version remains in existence under 
the original filename. Although 
eryptologists generally consider al- 
lowing clear and encrypted versions 
of a file to exist anywhere simulta- 
neously to be extremly bad prac- 
tice, there are two good reasons for 
this apparent breach of security. 
First, one of the requirements of 
the DES is that it should be im- 
possible to reconstruct the encryp- 
tion/decryption key, even if the 
cryptanalyst has both the clear and 


the encrypted versions to work on. 
Thus, the temporary presence of 
both versions is unlikely to have 
any serious consequences. 

Second, Wisdom Software consid- 
ers it much more important to 
guard against a power failure or 
machine malfunction that might 
leave the file in a partially en- 
erypted state—in the case of a bi- 
nary file it would then be impossible 
to determine where encryption 
ended in order to reconstruct the 
file. For this reason, File Encrypt 
leaves the original file intact. How- 
ever, after successfully encrypting 
a file, you should immediately make 
use of the program’s option to over- 
write the original clear-text file 
with zeros before deleting it, so as 
to make it impossible to recover the 
clear text except by decrypting the 
file. 

At 1.3k bytes/sec, File Encrypt 
is slower than Superkey, but if 
youre a_ consistent victim of 
Murphy’s Law you may be inclined 
to give more weight to File En- 
erypt’s data-integrity precaution. 


For more information... 


For more information on the security products discussed in this article, circle the appropriate numbers on the 
Information Retrieval Service card or use EDN’s Express Request service. When you contact any of the following 
manufacturers directly, please let them know you saw their products in EDN. 


B&B Electronics 


Box 1040 Box 10851 


Electronic Signature Lock Corp 


MDC Software Inc 
Box 10589 


One other problem needs to be 
considered when you plan to safe- 
guard your data: What happens to 
security when you shut down the 
computer and leave the building? If 
you're lucky, your computer is in a 
room that is kept locked after 
hours; if you’re sensible, you’ve in- 
stalled some of the protective meas- 
ures that were discussed above. 
But locks are not thief-proof, clean- 
ers have to sweep up (though possi- 
bly under supervision), and a really 
determined snooper with enough 
time and ingenuity might be able 
to gain access to sensitive data 
stored on your hard disk. 

NSA has taken the bull by the 
horns by bluntly declaring that all 
disk drives and other media con- 
taining classified data must be re- 
moved and locked in a safe when 
the computer is unattended. Even 
if you don’t handle classified data, 
you might want to consider this 
somewhat drastic procedure, at 
least for your most sensitive and 
valuable files. 

There are 


several ways to 


Wisdom Software Inc 
— Box 460310 


Ottawa, IL 61350 
(815) 434-0846 
FAX 815-434-7094 
Circle No 700 


Borland International 
4585 Scotts Vally Dr 
Scotts Valley, CA 95066 
(408) 438-8400 

TLX 172373 

Circle No 701 


Computer Integrity Corp 
Box 17721 

Boulder, CO 80308 

(303) 449-7377 

Circle No 702 
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Fischer International Systems Corp 


Eugene, OR 97440 
(503) 937-3437 
Circle No 703 


State College, PA 16805 
(814) 238-7321 
Circle No 706 


San Francisco, CA 94146 
(415) 566-0754 _ 
Circle No 708 


Plus Development Corp 
1778 McCarthy Blvd 
Milpitas, CA 95035 

(408) 484-3327 

Circle No 707 


WorldWide Data Corp 

40 Exchange Pl, 15th floor 
New York, NY 10005 
(212) 422-4100 

Circle No 709 


4073 Mercantile Ave 
Naples, FL 33942 
(813) 643-1500 
Circle No 704 


Iomega Corp 
1821 W 4000 

S Roy, UT 84067 
(800) 456-5522 


VOTE... 


Please also use the Information Retrieval Service card to rate this article (circle one): 


High Interest 512 Medium Interest 513 Low Interest 514 


Circle No 705 
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The R3000 is the idee 

microprocessor controller be 
satisfies both the performance 


cost objectives of your embedded — : 


control designs. Using IDT's R3000 
RISC family, you can meet exact 
system performance requirements 
by varying the component speeds 
and memory configuration — and 
minimize overall system cost. 


Satisfy your system needs 

Real-time systems demand high 
computational bandwidth and fast 
context switching, both prominent 
features of the R3000. And con- 
troller designs using the R3000 can 
be implemented either with no 
cache memory or with hierarchical 
memory. 

Additional functions are available 
if needed, such as the optional 
Floating Point Accelerator, R3010. 
And the highly integrated R3000 
uses fewer components than 
comparable systems. 


Performance upgrades 


When you design with the R3000, 


you're not locked into a single 


Macintosh is a trademark of Apple Computer, Inc. 
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Take Control of Your Application 
with IDT's RISC 


instr Memory 
(3 Each) 
IDT 71586 


Kernel 
Instr Memory 
(3 Each) 
Tt 7158S 


' Bata Maernory 
(3 Zach) 


IiDT 71586 


performance level. R3000 designs 
can be upgraded for products 
needing higher levels of perfor- 
mance, or can be reconfigured for 
lower cost/lower performance 
models in the same product line. 


Complete design support 
We offer powerful RISC 
development tools such as IDT's 
new RISC add-in card for the 
Macintosh™ II. CPU and cache 
modules are available to get your 
prototype working quickly. And IDT 
supports the R3000 with logic, 
peripherals, and memory, like the 
new 71586 4K x 16 RAM with 
address latches on-chip for lower 
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Y Memory Required 


And a real-time 


an count on us 
e (408) 492-8225 and we'll send 
rou a copy of IDT’s Development 
Support Product Guide, the 
Embedded Control Applications 
Handbook and a copy of our 1989 
Data Book Supplement. To discuss 
your RISC needs and get informa- 
tion about monthly RISC training 
courses and application support, 
call our Marketing Hotline at 
(408) 492-8379. 

IDT, P.O. Box 58015, 3236 Scott 
Blvd., Santa Clara, CA 95052-8015, 
FAX 408-492-8674. 


When cost-effective performance counts 


Integrated 
Device Technology 
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AMERICAS BEST PROGRAMMERS 
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SUNRISE ELECTRONICS, INC. 


A WHOLE NEW WAY TO 
PROGRAM EPROMs, 
PLDs, and MCUs 


In-circuit Programming lets you 
program your EPROMs after they have 
been installed in your circuit card. It is 
the most efficient and most reliable way 
to program. It simplifies your 
manufacturing process and reduces your 
documentation. It also eliminates sockets, 
labeling and insertion related failures. 

Our programmers can program 
multiple data files into different cards 
simultaneously. In addition we test the 
cards automatically after they are 
programmed. 

Best of all, we do all the work for you. 
Sunrise in-circuit programmers can be 
delivered as complete turnkey systems, 
or you can develop your own interface 
using the built-in self guided menu driven 
software. 


% YER: 
4 ee 


T-8000 HIGH VOLUME 
IN-CIRCUIT PROGRAMMER 
@ Program 48 or more cards ata time 

@ 40 MB hard disk, dual floppy drives 

@ 660 Watts of programming power 

® MS-DOS compatible 

T-6000 
BRIEF CASE 
PORTABLE 
IN-CIRCUIT 
PROGRAM- 
MER 


@ Optional lift out UV board size eraser 

@ Program several boards in one pass 

@ 3.5 inch, 1.2 MB floppy 

@ Rugged, shock mounted case, water 
tight 


T-5000 TRANSPORTABLE 
MS-DOS BASED IN-CIRCUIT 
PROGRAMMER 


@ Program several boards in one pass 
@ 20 MB hard disk, 3.5 inch floppy 


@ Rugged, shock mounted construction 


T-4000 LOW COST 
IN-CIRCUIT PROGRAMMER 


@ Customer supplies IBM AT or 
compatible 

@ Program whole circuit cards in one 
pass 

@ Supplied turnkey or develop your own 
interface using built-in self guided, 
menu driven software 


See our complete line of Universal 
and Gang programmers 


SUNRISE ELECTRONICS, INC. 


524 S. Vermont Ave. Glendora, CA 91740 


(818) 914-1926 


FAX (818) 914-1583 
CIRCLE NO 7 
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achieve removability of your pri- 
mary storage devices. You can use 
an external hard-disk drive with its 
own power supply; such a setup re- 
quires extra space and may not be 
easy to disconnect and reconnect 
daily because it’s primarily de- 
signed for permanent installation. 
You can also use a Bernoulli Box 
from Iomega, which provides re- 
movable cartridges. You can get 
single drives for internal mounting 
in a PC; external units come with 
one or two 20M- or 40M-byte drives 
and a power supply. Prices start at 
$1100 for a 20M-byte internal drive. 
The Bernoulli Box does not use 
Winchester technology and is some- 
what slower than other hard disks, 
but it may meet your requirements. 
The media cartridges are certainly 
easy to handle and take up very 
little space. 

Plus Development’s Plus Pass- 
port removable drives may suit you 
even better, because they are inter- 
nal drives that are specifically de- 
signed for frequent removal and re- 
placement. They consist of two 
parts: a base housing and PC or Mi- 
cro Channel adapter ($650); and a 
20M-byte ($595) or 40M-byte ($795) 
hard-disk drive that slides out of 
the base housing when you release 
a catch. Both drives have a 28-msec 
seek time. 

To ensure data integrity, when 
you turn off power the drive auto- 
matically moves the heads to a non- 
data area and locks them there. Ad- 
ditional protection is provided by 
suspending the disk-and-head as- 
sembly on special shock absorbers 
inside the hardened plastic-and- 
metal frame. These shock absorbers 
protect the heads and platters 
against shocks as great as 150G, 
and you can obtain a protective car- 
rying case for the drive mechanism. 

All the hardware and software 
packages discussed here will pro- 
vide you with the facilities for keep- 


ing your data safe against theft or 
destruction, but there’s no such 
thing as a bullet-proof system and 
humans are the weakest link in the 
security chain. Security experts re- 
peatedly point out that the key to 
good security is a set of procedures 
that are neither lax enough to pro- 
vide loopholes nor stringent and dif- 
ficult enough to hinder you in your 
work. If your employees get lazy 
and don’t change passwords often 
enough, or choose passwords that 
are easy to guess or find, your com- 
puter system becomes vulnerable. 
If the system administrator does 
not immediately invalidate the 
password of a terminated em- 
ployee, he creates a gateway for a 
potential snooper. If you have an- 
tiviral programs and don’t use them 
regularly, a worm may one day ooze 
its way into your system. You em- 
ploy accountants to take care of 
your financial procedures; you 
should consider talking to a security 
consultant, or at least read some 
books on the topic of security, to 
help you take care of your data— 
which also represents money. 


Article Interest Quotient 
(Circle One) 
High 512 Medium 513 Low 514 
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Sprague delivers high-performance film capacitors. 


Quick-Guide, ASP-420L, to: 
Technical Literature Service, 
Sprague Electric Company, P.O. 
Box 9102, Mansfield, MA 
02048-9102. 


Sprague presents a versatile cast 
of rugged, metallized-film and film- 
foil, film-wrapped capacitors for 
your computers, Communications, 
lasers, instruments and controls, 
medical equipment, aerospace and 
military applications. Features in- 
clude a-c ratings, high-temperature 
operation and exceptional stability, 
low-loss, close tolerances, long-life 
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and high reliability. Dielectrics in- 
clude Polyester, Polycarbonate, 
Polypropylene, and Polyphenylene 
Sulfide (PPS) films. Standard 
operating temperature ranges from 
—55°Cto + 150°C depending 
upon dielectric used; capacitance 
values from 0.0001 pF to 30 uF, and 
voltage ratings from 30 to 15,000 
VDC. Write for Film Capacitor 
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FASTEST OF 
THE FAST 


INTRODUCING THE FASTEST 
5” DISK DRIVE IN THE WORLD. 


A new standard for speed 

The Sabre™ 2HP, a two-head parallel 
disk drive with unparalleled performance. 
The Sabre 2HP design permits reading 
and writing from,two heads simultaneously. 
As aresult the drive attains an incredible 
6MB per second (48MHz) transfer rate. 

Splitting of data on “writes” and 
combining data on “reads” is transparent 
to the disk controller adaptor so changes 
to your system are minimized. 


For super performance 

The Sabre 2HP features a capacity of 
1,154 megabytes, a 15 millisecond average 
seek and industry standard IPI-2 interface. 
Plus, a synchronized spindle capability 


permits powerful multi-drive configurations. 


A Sabre for the task 
In applications where rapid reading 


and writing of data is paramount, the 
Sabre 2HP has no equal. It’s the storage 
device for applications where enormous 
quantities of data must be handled very 
quickly. It’s ideally suited for medical 
imaging, high-speed graphics, animation 
or other technical or scientific process- 
ing applications. 


Get the high-performance edge... 
Sabre Disk Drives from Imprimis. 


For the authorized distributor nearest you call: 


Arrow Electronics: 
Industrial OEM 1-800-777-ARROW 
Commercial Resellers 1-800-323-4373 


Anthem Electronics: 
Northwest Region 
Central Region 
Eastern Region 
Southwest Region 


1-800-359-3502 
1-800-359-3517 
1-800-359-3511 
1-800-359-3501 


IMPRIMIS 


A Subsidiary of Control Data 
CIRCLE NO 62 
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¢CAt HP we faced the same 
problem. So we developed 
 . 2 electronic design automa- 
 . _ | tion tools that we use to get 
“75 t . | designs right before ae vel 
-— VVA TA OAaATTIY | ensi rotot ‘ 
ee Cre 2c ting tO expensive prototypes 
— ......1...4 1. ~ LL : : We haven't made protot isi 
ee ar a (ay late because _ a ee aad yet. ButHP’s 


Electronic Design Automation 


: : protot f Cc | : revisions (EDA) tools can catch most prob- 


_ ae lems while designs are still in their 

_.. i.211:. _ 99 infancy. Where you can fix them 

_ - | i ' ce K illing US. faster. At less cost. 
_ - As part of DesignCenter, HP’s EDA 

_ | tools handle the spectrum of tech- 
nology for systems design. From 
digital to analog and microwave. 
In designs with ASICs, hybrids 
and PCBs...even microprocessors. 
From design capture and simula- 
tion to layout and enclosure design. 
All the resources you need to make 
sure designs are right before you 
commit to prototypes. 


Once you've built prototypes, HP 
supports you with the industry’s fin- 
est test and measurement equipment. 
Along with the links to integrate 
design and prototype test. 


But it’s not just a question of 
choosing the right tools. It’s also the 
right company. You want a company 
that’s fully committed to support. 
When you need it. Where you need it. 
A partner you know you can trust 
in electronic design automation. 
That’s HP. 


Find out how HP EDA tools and 
support can put you on the com- 
petitive track. Call 1-800-752-0900, 
Ext. C215 and ask for your FREE 
EDA “Tool Kit? 


There is a better way. 


Gg HEWLETT 


PACKARD 
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THE BIGGEST HEAD 


The 20 GHz Tek 11800 Series __|f you really want to leverage the without multiplexing. 
Digital Sampling Oscillo- full power of high-resolution, high- Only the 11800 offers more than 
More sampling frequency measurements—now — ahanaful of sampling heads. 
, 0 times more chan- §— and in the future—the Tek 11800 —__ We've introduced six within six 
nels, 1 ps repeatability and Series is the only real choice. 
.01 ps sample interval are Only the 11800 offers you more 
Way out front in meeting your — than four direct channels of signal 
unique needs. acquisition, plus TDR. Here, with 
the modularity of the 11800, you 
can expand to 136 channels— 
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Developing software for real-time e 
applications can be a challenging 
game. 

Dealing with a separate compiler, Cloc 
assembler, linker, loader, executive and 
debugger, each with its own procedures, can really slow you 
down. Just think of all the time you spend accessing files 
and conversing with all those tools, plus the time waiting 
for them to run. 

There's a better solution—polyFORTH® It’s a complete, 
fully integrated, interactive programming environment 
that’s designed specifically for real-time applications. It 
supports single-chip microprocessors, 16- and 32-bit 
processors, DSP processors, and minis like the VAX. 

The editor, compiler, assembler and debugger are always 
resident and ready to use. There’s only one program to 
learn and no separate procedures to bog you down. You can 
move directly from thinking and editing to testing, with no 


Game 


: 
To Win 

8 
-lime distractions. It’s an integrated approach 


that can dramatically improve your 
productivity and creativity. - 

Fact is, polyFORTH is far and away the 
most consistent, effective way to go from 
“design” to “done”. Whether you do it yourself or have us 
design a turnkey system for you, expect to finish your real-time 
embedded applications 4 to 10 times faster than ever before. 

After all, isn’t that the name of the game? 

Call 1-800-55-FORTH today for your free-for-the-asking 
“Real-Time Clock Game” poster and brochure with real-life 
programming solutions from FORTH. 

FORTH, Inc., 111 N. Sepulveda Blvd., Manhattan Beach, 
CA 90266, 1-800-55-FORTH, (213) 372-8493 


VAX is a trademark of Digital Equipment Corporation polyFORTH is a trademark of FORTH, Inc. 


jis FORTH.Inc 


TECHNOLOGY UPDATE 


If you venture 
forth in pursuit of 
the lowest chip 
costs, you may end 
up in a realm al- 
most bereft of for- 
mal, real-time soft- 
ware tools. 


Charles H Small, 
Associate Editor 
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Real-time kernels scarce 
for single-chip pPs 


ecause single-chip pPs have 
vacuumed up many of the fa- 
cilities that designers need for 
n embedded system into one 
_. Inexpensive chip, single-chip 
Ps are an attractive option at the hard- 
ware level. Almost one-half of all em- 
bedded systems that use single-chip wPs 
must respond quickly and predictably to 
asynchronous inputs from the outside 
world. Therefore, these embedded sys- 
tems are good candidates for real-time 
kernels. Unfortunately, even though a 
wide variety of third-party, real-time 
kernels and operating systems are avail- 
able for standard wPs, far fewer formal, 
real-time tools are available for single- 
chip Ps. 

This situation is particu- 
larly acute for 8-bit, single- 
chip pPs. The lack of formal, 
third-party, real-time tools 
for 8-bit, single-chip wPs 
forces most designers to roll 
their own real-time kernels 
(or executives, as they are 
sometimes called). 

Using formal real-time 
tools with single-chip pPs 
might strike some engineers 
as overkill. After all, engi- 
neers have traditionally used 
a simple, synchronous polling 
loop for the small, fast pro- 
grams that single-chip pPs 
usually run. But manufactur- 
ers of single-chip pPs have 
been installing more and 
more internal memory in 
their chips, in response to the 
need to accommodate ever 
larger applications. It’s no 
longer a given that a single- 


chip-wP program will be so small and 
simple that a synchronous loop will suf- 
fice. 

Some of the reasons for employing a 
real-time kernel instead of a polling loop 
for single-chip wP programs are 
@ Polling loops are difficult to maintain. 
Even the slightest modification to one 
portion of the program can vary the exe- 
cution time of the entire loop. 

@ Polling is often incompatible with in- 
terrupts. An interrupt presenting criti- 
cal data may have to wait until the poll- 
ing loop has made almost a complete cy- 
cle before the data gets processed. In 
the worst case, successive interrupts 
can overwrite, and thus destroy, critical 


A real-time kernel must handle multiple, asynchronous inter- 
rupts. (Photo courtesy Wind River Systems Inc) 
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Real-time kernels 


data before the polling loop proc- 
esses them. 

@ As the number of interrupts a 
polling loop must manage increases, 
the loop’s execution time becomes 
more and more variable from cycle 
to cycle. This variation obviously 
makes guaranteeing response times 
difficult. 

@ Polling loops waste time when 
they poll inputs that have nothing 
to say. 

Therefore, a formal, real-time 
kernel begins to look attractive 
when your single-chip-~P applica- 
tions grow to the point where they 
require more than one programmer, 
must respond to more than a couple 
of interrupts, and are each divisible 
into more than three concurrent 
tasks. 

Engineers seeking a real-time 


A real-time kernel orchestrates the operation of a data logger installed at this power station. 
(Photo courtesy United States Software Corp) 


kernel for 8-bit, single-chip Ps face 
somewhat bleak prospects. Two 
vendors have recently withdrawn 
their 8051-family real-time kernels 
from the market. One of those ven- 
dors, Micro Computer Control, 
plans to redesign its kernel and re- 
introduce it this fall. 

If the truth be told, 8-bit, single- 
chip wPs are tough nuts for real- 
time kernel designers to crack. Two 


almost insuperable problems face 
kernel designers: first, most single- 
chip-wP users would rather roll 
their own real-time executives than 
pay for one; second, the architec- 
ture and instruction sets of 8-bit, 
l-chip wPs just don’t suit multi- 
tasking as well as the architecture 
of standard wPs. 

Writing your own real-time ker- 
nel is a challenging and satisfying 


job that many competent software 
engineers would relish (Ref 1). 
Rolling your own kernel does pre- 
sent problems, however. In addi- 
tion to the code, you must write 
and maintain your own documenta- 
tion. Also, where third-party kernel 
vendors can supply drivers for 
many common peripheral chips and 
interfaces, you must write all your 
own drivers for your kernel. And 


own the scope of a real-time kernel 


e : Ju ust what tl isa real-time Kernes! Two industry pun- 
 dits defin e real-ti me kernels as “. . . basic asynchro- 
‘ions of Imited inne pepe! 


: a 4 : pedldime kernels don’t have “lim- 
od functionality” either; they function quite well. 
7ou. spend the time to apply them properly, they 
Ip you solve a certain range of knotty, embed- 
ystem problems. 
s best to think of a real-time kernel as the core 
of a real-time operating system. Real-time kernels 
have facilities that allow you to parcel out the jobs 
: yor software must eS over a number of 
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relatively independent, autonomous tasks. In this 
way, you can reduce the complexity of your software 
design at the detail level, by distributing the proc- 
essing load over a number of simple programs. 

Specifically, real-time kernels have a supervisor _ 
that decides when, or in what order, each task will — 
get control of shared system resources, such as the 
processor, memory, and I/O channels. The supervi- 
sor also manages communication between those 
tasks that must exchange data or control messages. 
Real-time kernels, on the other hand, lack many of — 
the functions of a full-fledged, real-time operating _ 
system, such as disk and terminal I/O, file systems, 
human interfaces, local-area networking, and host: 
communication facilities. 
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*“Vroom!”’ 


Turbocharge your memory for zero 
wait state design with Signetics 
fast 75ns PAL’-type devices. 


Vroom! Now you can 


get the zero wait state no pee 
performance that will cre Gia payee 
allow memory to keep shea 
pace with the new wax 
ultra-fast micropro- | = 
cessors. And you ores 


won't have to pay 


top price for your = 7.5ns PAL-type device improves system 
memorytodoit! performance. 


Vroom! Boost system speed, lower memory cost. 
Signetics offers the fastest (7.5ns) PAL-type devices 
for high-speed decoding. Now you can design with 

slower, less expensive, more available memory 
devices and still enhance system speed. And all 
Signetics PLDs are easily supported by ABEL, 
CUPL or our powerful AMAZE design software. 


7.5ns 24-pin 
PLUS20R6-7 
PLUS20R8-7 


7.5ns 20-pin 
PLUS16L8-7 PLUS16R6-7 | PLUS20L8-7 
PLUS16R4-7 PLUS16R8-7 | PLUS20R4-7 


Vroom! We've got the guts! That’s night, 

we have those essential PLDs you need to improve total 
system performance. Programmable Macro Logic, Logic 
Arrays, Logic Sequencers and our PAL-type products that 
cut system cost while boosting system speed. 


Turbocharge your memory now! Call Signetics at (800) 
227-1817, ext. 985D, for a free High-Speed Decoder Hand- 
book. For surface mount and military product availability, 
contact your local Signetics sales office. 


PAL is a trademark of AMD/MMI. ©1988 NAPC 


Signetics 
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TECHNOLOGY UPDATE 


Real-time kernels 


real-time kernels aren’t available 
for single-chip pPs. For example, 
Intel reserves its iRMK real-time 
kernel! for its full-blown processors, 
such as the 80960 and 80386. For 
the firm’s 8051 and 8096, Intel of- 
fers the simpler DCX real-time ex- 
ecutive. 

Aficionados of the 8051 can get a 
unique hardware/software develop- 
ment package from Forth Ince. 
Forth Inc strips Intel’s ROM from 
an Intel EV80C51FA microcontrol- 
ler evaluation board and replaces it 
with the 8051 version of its 
ChipForth kernel in ROM. 
ChipForth is a pre-ROMed version 
of the company’s multitasking 
PolyForth. Along with the re- 
equipped evaluation board, you get 
an IBM PC software suite. 

The resulting package, dubbed 
the cF8051, costs $8750. Unlike the 
board’s original ROM, _ the 
ChipForth ROM has upload and 
download facilities that allow it to 
communicate with the IBM PC 
host. The Forth compiler running 
on the IBM PC compiles your pro- 
gram directly into the evaluation 


, manufacturers dire 


- Forth ie - 
111 N Sepulveda Blvd . 
Manhattan Beach, CA 9 
_ (@13) 372-8493 Sts 
FAX 213-318-7130 

_ +TLX 275182 

S Cirele No 716 


Melbourne. FL 32902 
: 408) 724-7418 Ss 
oe No 17 


You can get a free real-time kernel for the 68HC11 from Motorola. 


board’s memory in one automatic 
step as you write it. Thus you can 
perform interactive, real-time de- 
velopment right on the 8051 evalu- 
ation board. 

Harris can supply its RTX2000 
Forth pP as a pP, or at higher cost, 
in the form of single-chip wP, be- 


cause the RTX2000 is only one ele- 
ment among many in the firm’s 
semicustom-IC library. The com- 
pany claims that compilers for high- 
level languages other than Forth 
will be available for the device. 
The RTX2000 has no assembly 
language per se; it runs high-level 
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How to make 
your 386 system 


MIPS 


1986 87 88 


Introducing the PEAK"Architecture. 

The architecture of the 1990s. And the first 
technology to let you exploit the full potential of 
ISA microcomputers. 

The PEAK/386 CHIPSet supports 20, 25, 33 
and tomorrow’s anticipated 40 MHz clock speeds. 
With the added performance of the industry’s 
only integrated 128K byte cache. 

What were delivering here is raw, unadulterated 
computing power. With the highest level of inte- 
gration ever achieved in a 386 chip set. 

CPU, cache and DRAM control are integrated 
onto one VLSI chip. Bus and peripheral control 


functions are integrated on two other VLSI devices. 


These three chips integrate virtually all of the 


© 1989. Chips and Technologies. Inc.. 3050 Zanker Road, San Jose. CA 95134. IBM is 
CHIPS is a registered trad 
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motherboard system logic. Making it the most 
cost-effective solution on the market. 

The PEAK/386 CHIPSet also tightly couples 
with our new 82C480 Graphics Controller which 
is 100% functionally compatible with the IBM”* 
8514/A Display Adapter. So your system can take 
full advantage of the new graphical interfaces like 
Presentation Manager and Windows" soltware. 

Find out more about the PEAK/386 CHIPSet. 
Call 1-800-323-4477, Dept. M-9 today. 

We promise you it'll be a real scream. 


The CHIPSet is the system. 


a registered trademark of International Business Machines Corporation. Windows is a trademark of Microsoft Corporation. 
emark and PEAK is a trademark of Chips and Technologies. Inc. 


CIRCLE NO 129 85 


Low Cost 
8051 Tools 


d?ICE-51" 

This Real-Time emulator is low cost 
and smallest sized full speed 8051 in- 
circuit emulator. Full access to hard- 
ware I/O. Includes all debugging fea- 
tures of Sim and dICE below. Fits in 
shirt pocket. Cross Assembler incl. 


dICE-51 


This reduced-speed in-circuit 8051 
debugger provides full access to I/O 
but will not run real-time. With the 
same user interface features as 
Sim8051 below, dICE-51 generates 
execution profiles during reduced 
speed execution. (CMOS and MIL 
also available.) 


8868 cpl C 

8861 dynz R4, DoLoop 
doLloop 

8848 xch A,R2 

8849 add A, a3 

8B4B xch A, RZ 

684C jb MFlag.ValMax 

8B4F add A,R2 
OutPi 

8858 mov P1,A 

8852 jb DisB,NotStore 


6 BB R4 BS PR-FF CC-@8FB8 PC: 


IntEn.2 EXi Enable IMT! Interrupt 


( 664F J MF lag, ValMax 


Sim8051 


This software Simulator/debugger 
allows ‘no-circuit’, debugging of 8051 
code on IBM-PCs. All Cybernetics 
8051 debug tools offer multi-window 
source code displays, symbolic ac- 
cess to data, single key commands, 
breakpoints, trace, full speed and 
single step execution, execution pro- 
filer, and more. 


Other 8051 tools include: 


Cross Assembler $195 
8751 Programmer $195-$345 
Debugger Demo Disk $ 


Cybernetic Micro Systems 
Box 3000 e San Gregorio, CA 94074 


(415) 726-3000 e Telex: 910-350-5842 


TECHNOLOGY UPDATE 


Real-time kernels 


Forth directly. The processor’s abil- 
ity to execute Forth “words” di- 
rectly leads to a nonpipelined archi- 
tecture that provides benefits for 
real-time applications. 

A Forth program, consisting of 
a string of Forth “words,” is actu- 
ally a list of named subroutines. Be- 
cause calling subroutines is the na- 
tive program-execution mechanism 
of Forth, these subroutine calls are 
implicit in a Forth program. Thus, 
the RTX2000 is optimized for sub- 
routine calling and context switch- 
ing in as little as a single cycle. 

Most of the other new, 16-bit, sin- 
gle-chip wPs haven’t yet acquired 
a real-time kernel. The 8096 is an 
exception. 

US Software offers USX real- 
time executives for the 8051, 8096, 
and 68HC11, which cost $1950 each. 
The development software for USX 
runs on an IBM PC and consists of 
a series of functions that you link 
in with your task code. 

Software Environments Ltd mul- 
titasking executives for the 8051, 
8096, and 68HC11 are compact 
enough to fit in the onboard RAM 
and ROM. The firm sells the execu- 
tive’s source code for a one-time fee 
of $1950. 

Motorola alone, among major 
firms, claims to have seen a recent 
upsurge in demand for real-time 
kernels for single-chip wPs. Mo- 
torola has responded to these de- 
mands in a unique fashion, by com- 
missioning a real-time kernel for its 
68HC11 that has an unbeatable 
price/performance ratio: the 
MCX11 real-time kernel, including 
the MCX11 source code and its 
manual, is free. 

For the engineer determined to 
use a Standard-wyP, real-time kernel 
with a single-chip pP, a few hard- 
ware solutions to the single-chip-wP 
selection problem are at hand. Cer- 
tain single-chip wPs have standard 


wPs as their core processor. There- 
fore, they can run the real-time ker- 
nels designed for their parent, stan- 
dard wPs. 

Examples of these standard-core, 
single-chip clones are the 64180, 
which has a Z80 core processor, and 
the 68070 and 683381 single-chip 
Ps, which have 68000 core proces- 
sors. To customize a third-party, 
real-time kernel for these single- 
chip Ps, you need only write driv- 
ers for the single-chip pP’s onboard 
peripherals. Writing such custom 
drivers is a normal part of integrat- 
ing a real-time kernel into any ap- 
plication—single-chip »P or stan- 
dard wP. 

All real-time kernel vendors have 
been approached to develop kernels 
for all the emerging RISC and em- 
bedded-system processors. Unlike 
their 8-bit cousins, the 32-bit proc- 
essors that catch on in the market 
will probably spawn a fertile mar- 
ket for third-party software. Only 
time will tell which of these chips’ 
architectures actually suits embed- 
ded real-time processing. 


References 


1. Ganssle, Jack, “Writing a Real- 
Time Operating System,” Circuit Cel- 
lar Ink, January/February 1989, pg 45. 
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There is only one way to design a system 
with more speed and power than a PEAK/386 
based system. 

Introducing the PEAK/486 CHIPSet. The first 
and only chip set that takes full advantage of 
the new 486 microprocessor. Which means you 
can design a system that literally wails through 
DOS and unleashes the full power of UNIX 
Right now. Setting the performance standard for 
PC workstations. 

The PEAK/486 and PEAK/386 CHIPSets are 
based on the same architecture. 

And like all our CHIPSets, they come with 
the most comprehensive technical support in 
the industry. 7 


88 
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Our Design Services Organization will help 
you with everything from technical consultation 
to the design of a turnkey microcomputer system. 

And our Integrated Software organization 
will ensure system compatibility by providing 
BIOS and system software drivers specifically 
for your PEAK"system. 

To find out more, call 1-800-323-4477, Dept. 
M-10 today. 

And design a system that will take you through 
the top of the charts. Period. 


The CHIPSet is the system. 


© 1989, Chips and Technologies, Inc., 3050 Zanker Road, San Jose, CA 95134. UNIX is a registered trademark of AT&T. CHIPS is a registered trademark and PEAK is a trademark of Chips and Technologies, Inc. 
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Joan Morrow, 
Assistant Managing 
Editor 


SHOW PREVIEW 


Keep up with bus 


technology 


uscon East moves from New 
York last year to the Boston 
area this month, bringing with 
t its traditional grab bag of 
sessions and product exhibits 
that will bring you up to date in the field 
of computer-bus technology. The show 
will be held from Monday, September 
11 to Thursday, September 14 at the 
Royal Plaza Hotel in Marlborough, 
MA—approximately 25 minutes from 
Worcester Airport and 45 minutes from 
Boston’s Logan  Air- 
port. 

The show’s organiz- 
ers have anticipated the 
diverse needs of Bus- 
con’s attendees and 
have devised many 
ways for you to select 
exactly what you need. 
Option 1 gives you the 
works—admission to all 
six 4-hour seminars, all 
18 sessions, and the more than 125 ex- 
hibits. You also receive a copy of the 
conference proceedings. This option 
costs $450. For $25 less, all you give 
up is attendance in the seminars. A 1- 
day session pass for $245 allows you to 
attend all sessions on a given day, and 
it lets you into the exhibition. Individual 
Seminars are priced at $140 each, and 
individual sessions cost $90 each. You 
can obtain a copy of the Buscon/89 pro- 
ceedings for $100. 

The technical conference is broken 
down into three tracks. Track 1, la- 
beled “Extending Bus Architec- 
tures,” will begin with two half- 
day seminars that examine 
backplane bus design. Paul 
Borrill, chairman of the Mul- 


at Buscon 


tibus II and Futurebus committees, will 
cover the physical layer of backplane 
bus design and discuss the benefits and 
tradeoffs of existing standards. 

Track 1 also includes six sessions that 
will be devoted to the next-generation 
architecture; personal-computer buses; 
the flexibility of the VXIbus; STD Bus 
applications and performance; how to in- 
terface RISC and CISC processors on 
existing architectures; and how to meet 
military requirements for board-level 
products. 

A seminar on the principles of system 
design using standard board-level prod- 
ucts and one on just-in-time and quality- 
control manufacturing for board-level 
products will lead off the “System Tech- 
nologies” Track 2. The six sessions in 
the track will cover a host of topics, 
among them the Intelligent Peripheral 
Interface (IPI) and related disk drives 
and controllers; how to implement data- 
acquisition hardware and software in 
automation and control applications; and 
the new generation of RISCs and its 
architectural issues. Another session 
will go over a new set of processor 
benchmarks and discuss the effective- 
ness of conventional benchmarks in gen- 
eral and how any new ones will fare. 
The two other sessions in Track 2 will 
detail opportunities in mixed-bus archi- 
tectures and cover SCSI’s command-set 
problems from the controller and drive 
manufacturers’ point of view. 

“Software Technology” is the focus of 
Track 3. Its first seminar will deal with 
the issues involved in real-time-system 
design and the tradeoffs between build- 
ing and buying real-time operating sys- 
tems. The other seminar will discuss 
what’s involved in designing RISC proc- 
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essors into real-time systems. In the 
Track 3 sessions, you can learn about 
the Ada language and real-time Ada 
tools for use in military and commercial 
applications; how to implement graphics 
in real-time systems; and real-time de- 
velopment and testing tools, symbolic 
and source-level debugging facilities, 
and high-level languages. 

For more information on Buscon/89 
East, you can contact CMC, 200 Con- 
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NEXT GENERA 


SESSION 602 
PUTTING DATA ACQU 


necticut Ave, Norwalk, CT 06856; phone 
(203) 852-0500 or FAX 203-838-3710. To 


register for seminars or sessions, call 
(800) 243-3238, ext 232. 


Article Interest Quotient 
(Circle One) 
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Huge Selection of 
Complete Enclosures 


If you want your system to look Safety and EMI/RFI Approvals Tabletop 4.7,10,12.15 slots 
its very best, look to Electronic by UL, CSA, TUV(IEC380) and the , 37%" Rack 4 slots 
Solutions. FCC. Too 

The first thing you'll find is that the | oe - OA eee 


eo : CC DeskMate 7,10, 12,15 slots : 
beauty we add to your board level CAL GR: @. IEC380 _ | — 


system Is a lot more than skin 


a, ‘Tabletop 3567.12, 
deep. It will look better, sell better, Off the Shelf or Built to Order: ) oe 
and work better in an Electronic From simple needs like paint and 7” Rack 5,7 slots 
Solutions enclosure, for a lot of labeling to complete reshaping for : ee oe 

h t | oe ' _ _ 14’ Rack 12,20,32,40 slots 
reasons: the most unusual requirements—we _—_DesskMate 5.7.12 siots 


Engineered Cooling for maximum do it all. Most of the time we have a 
performance from the new, high- 


density cards. 
Built from Experience: We've 
been the enclosure experts since 
board-level systems began. 


y: 
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PRODUCT UPDATE 


80386 cache controller supports as much as 
256k bytes of cache memory 


The MDS-C395e cache controller 
Supports 32k-, 64k-, 128k-, and 
256k-byte cache memories. Using 
this controller, you can employ 
large caches to maintain high hit ra- 
tios for applications that need them 
or use smaller caches when they are 
adequate or used in cost-sensitive 
applications. The cache controller 
also gives you the flexibility to se- 
lect one of the following mapping 
options: direct, 2-way set associa- 
tive, or 4-way set associative. 

The 2- and 4-way set-associative 
organizations of cache memory re- 
duce thrashing when programs 
jump between multiple main-mem- 
ory addresses at the same page off- 
set. This feature is particularly use- 
ful when executing programs where 
successive accesses tend to be ran- 
dom, and the data is evenly spread 
over the system-memory map, as 
is often the case in databases. 

The cache controller also offers 
copyback in addition to write- 


PROCESSOR- 
ADDRESS 
BUS 
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through and posted writes for main- 
taining main-memory coherency 
with the cache. Although the write- 
through approach found on other 
cache controllers guarantees real- 
time coherency, this approach re- 
duces system speed because writes 
to the cache are simultaneously 
written to main memory, tying up 
the main memory when other bus 
masters could be using it. 

The write-through approach is 
often used because it prevents a re- 
mote master from reading a location 
in main memory that has been up- 
dated in the cache but not copied 
back into main memory. In an ac- 
tual system with large amounts of 
main memory, the probability of a 
remote master accessing a location 
presently in the cache is small, and 
the probability of the data being in- 
consistent between the system and 
cache memory is even smaller. 

Using the copyback mode, the 
C395e provides correct data on 


CACHE-RAM 
CONTROL 


CACHE- 


those occasions when a remote mas- 
ter attempts to read inconsistent 
data. The 395e does this by “snoop- 
ing” for reads by any remote master 
of a main-memory address that is 
both present in the cache, and that 
has data inconsistent with the 
cache. If the controller finds such 
a case, it disables the main memory 
and provides the data out of the 
cache. 

The C395e requires only the addi- 
tion of four 8-bit transceivers and 
a RAM for use with an 80386. You 
can order samples of 20- and 25- 
MHz versions in October, with full 
production at the end of 1989. In 
early 1990, 38-MHz versions will be 
available. The 25-MHz 164-lead 
JEDEC quad flatpack costs $174 
(100).—Doug Conner 

Matra Design Semiconductor, 
2895 Northwestern Pkwy, Santa 
Clara, CA 95051. Phone (408) 986- 
9000. FAX 408-748-1038. 
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Supporting as much as 256k 
bytes of cache memory, the 
MDS-C395e cache controller 
also offers 4-way set-associative 
organizations. To maintain co- 
herency between the cache mem- 
ory, the device offers copyback, 
write-through, and _ posted 
writes. 
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SCSI 


Analyzer/ 
Emulator 


> POWERFUL 
> EASY TO USE 
> AFFORDABLE 


Features: 
= 50 ns Time Stamp 
= Sync and Async Tracing 
32K Event Trace Memory 
Initiator and Target Emulation 
Custom Routines Programmable In C 
Easily Readable “SCSI English” Display 


> Display trace memory {in structured format] 
Enter starting addr(Hex): 0 


0001: Arbitration /80 
Select w.ATN /CO 
Mes sage-Out/C0( Identify) 
Command /12(Inquiry) 00 00 00 30 00 
Data-In /00 00 01 01 29 00 00 00 43 4F 4E 4€ 45 52 20 20 
43 70 33 34 30 20 28 34 30 6D 62 20 33 2E 35 29 
2D 30 34 20 42 30 31 33 54 42 20 20 20 20 
Status /00 
: Message-In /00 
003D: Bus free 
Arbitration w.ATN /80 
Select w.ATN /CO 
Message-Out/C0( Identify) 
Command /08(Read) 00 00 10 01 00 
Message-In /04(Disconnect) 


e 
Arbitration /40 
Reselect /CO 
Message-In /80( Identify) 
Data-In /00 00 00 00 12 34 56 79 12 34.56 7A 12 34 56 7B 
12 34 56 7C 12 34 56 7D 12 34 56 7E 12 34 56 7F 


> Display trace memory [in BINARY format] 
Enter starting addr(Hex): 0 

: BSY SEL ATN RST MSG 1/0 C/D DATA ParErr Exp Time Diff (ns) 

BS .~ ER. : a ae * 01 {. . 00 0 000 

A é ; 7 

; A 


>>> r>r,r > > > > 


‘>>> >rrrr... 


See a ae et he ete 
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1755 E. Bayshore Road, 18A 


Redwood City, CA 94063 
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CIRCLE NO 9 


PRODUCT UPDATE 


Multiprocessor DSP board 
offers 50-MIPS performance 


The VE-32C-01V  4-processor- 
VMEbus DSP board targets com- 
putationally intensive applications 
such as image processing, graphics, 
and finite element analysis. Based 
on the AT&T DSP82C processor, 
the single-slot board executes a 
1024-point FFT algorithm in 1 
msec. Each of the four processors 
ean perform a 3 x3 matrix multipli- 
cation in 2.2 psec. The board 
achieves peak-performance specifi- 
cations of 50 MIPS and 100M flops. 
The DSP382C DSP wpP includes 
1536 32-bit words of RAM on chip. 
The VMEbus board also supplies an 
additional 32k to 128k bytes of zero- 
wait-state static RAM for each of 
the four processors. On-chip serial 
ports provide a 6.25M-bps commu- 
nications link that chains the four 
processors together. The daisy- 
chained signal is also accessible on 
the VMEbus P2 connector. 
Separate 16-bit parallel input and 
output ports operate with transfer 
rates as fast as 10M words/sec. The 
input port also includes a 1024-word 
FIFO buffer. The ports connect 
both to the VMEbus P2 connector 
and to dedicated front-panel con- 
nectors. A matrix switch routes in- 
formation between the four proces- 


sors and the two ports. The 6U 
board serves the role of a VMEbus 
slave and supports 24 address and 
16 data lines. The device can acti- 
vate four of the seven VMEbus in- 
terrupt levels. 

An assembler, a linker, a simula- 
tor, and a compiler make up the ba- 
sis of available support software. 
The board also comes with a C lan- 
guage applications library that in- 
cludes math, matrix manipulation, 
signal processing, image process- 
ing, and graphics routines. The 
manufacturer also offers Unix driv- 
ers that integrate the DSP board 
with Sun workstations. 

You can use more than one of the 
boards to serve applications that 
demand higher performance. A 16- 
board implementation achieves a 
peak performance of 1.6G flops. The 
board costs $7650 (10) with 32k 
bytes of RAM per processor in- 
stalled. Delivery, four to six weeks 
ARO.—Maury Wright 

Valley Enterprises Inc, RD #4, 
Rt 309, Tamaqua, PA 18252. Phone 
(717) 668-3737. 

Circle No 730 


A 1024-point FFT algorithm 
executes in 1 msec on the 
DSP32C-based 4-processor 
VMEbus board. The VE-32C0- 
01V can perform at a peak of 
50 MIPS and 100M flops. 
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Trying to get ahead 
in the test-equipment 
leasing race? 


Then go with a winner. 


Why are we winners? Because we've been 
ahead of our competitors for 26 years in the 
test equipment business. We're innovative, 
competitive and dedicated to providing our 
customers with state of the art service. 

Our inventory is made up of instruments from 
the most respected test equipment manufac- 
turers. Each instrument is meticulously inspected, 
tested, and calibrated in our metrology labs— 
with quality control procedures so uncompro- 
mising they exceed the National Institute of 
Standards and Technology requirements. And 
delivery takes just 24 hours, once your order 
is received. 
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Select your equipment, then choose from a 
wide array of financing programs, including 
short-term rentals, and operating and finance 
leases. Each is custom-tailored to your situation. 
Or, talk to us about purchasing your equipment 
with terms that are convenient for you. 

Want to go with a winner? Then go with 
Leasametric. We'll help you be a winner too. 
Count on us. 

800-553-2255 


Leasametric, Inc. 


Electronic Test Equipment-Renting, Leasing, Sales and Service 


1164 Triton Drive 
Foster City, California 94404 


A member of The Marmon Group of companies 
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Nonvolatile 


Michael C Markowitz, 
Associate Editor 


memories 


host of alternatives confronts you in trying to evaluate 
and select nonvolatile memories. The choices cover a phe- 
nomenal range of bit densities—starting as low as four 
bits per device and extending to 8M bits per chip. And lest you 
thought that memories couldn’t get much more dense, 16M-bit 
read-only memories (ROMs) were introduced at the International 
Solid-State Circuits Conference (ISSCC) in February. ; 

One important performance criterion is read-access time. 
Write-cycle time and endurance are also critical if you need to | 
write information into the memory rather than have the vendor | 
do it. These three specifications can also swing between wide 
ranges. Read-access times can be as low as 15 to 20 nsec or into 
the microsecond range. Write and erase cycles can take from a 
few tens of nanoseconds to a few seconds. The ability of arepro- — 
grammable nonvolatile memory to survive repeated write cycles 
extends from 100 cycles to better than 1,000,000 cycles. 

Cost, of course, is an obvious consideration. If you only need — 
four bits of nonvolatile data storage, there are devices that will | 
serve your purpose—but at a price that may prod you to consider 
alternatives. Cost per megabit for various types of nonvolatile 
memory ranges from less than $4 per megabit to _ million per 
megabit. 

At the low end of the nonvolatile-memory oiie-andfleatbitity 
scale are ROMs, which you purchase from the vendor already © 
programmed. These nonvolatile memories are often used as the 
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With such a wide range of nonvolatile-memory types and 
performance capabilities available, it can be a daunting 
task to find the right one for your application. As a result, 
it helps to have a good idea of what your choices are, so 
vou can avoid some of the confusion about what a 
memory can or cannot do. 


Pull the plug on nonvolatile memories without losing data. (Photo courtesy Simtek Corp) 
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You can find nonvolatile memories in densi- 
ties from 4 bits to 8M bits at prices that 
range from $4 per megabit to—believe it 

or not—$31 million per megabit. 


boot memory of computers or for look-up tables. ROMs 
are frequently used in cost-driven systems, where pro- 
gram stability and high volume demand a dense, inex- 
pensive, permanent memory. But because ROMs aren’t 
reprogrammable, if you need to change the memory’s 
contents, you must replace the ROM. 

To purchase a ROM, you provide a vendor with a 
truth table describing the circuit function you want to 
implement. The vendor converts your truth table to a 
mask pattern, which specifies the metallization of the 
ROM. If the metal exists for a particular bipolar-junc- 
tion transistor, the metal connects the emitter to the 
appropriate output line, and the transistor stores a 0. 
If the metal doesn’t exist, the emitter floats, and the 
transistor stores a 1. 

The mask step customizes the ROM for your applica- 
tion and prevents the vendor from offering the chip 
to the commercial market. Thus, ROMs have either 
nonrecurring engineering charges (NRE) or minimum 
volume requirements and sometimes both. NREs are 
generally in the $2500 range, and minimum orders start 
at 1000 pieces. On the other hand, densities as high 
as 4M bits are available, and, as a group, ROMs have 
the lowest cost—starting around $3.60 per megabit 
and going up to just under $11 per megabit. 

Most ROMs won’t set any speed records, however. 
Read-access time is in the 100- to 250-nsec range. In 
cases where your processor or controller is looking for 
faster access, you'll need to use a faster memory family 
or add wait states to your ROM application. 


A controller chip can switch to a 
backup energy source and manage 
memory refresh for a DRAM—as long 
as the energy source survives. 


Because of the mask step of ROMs, delivery of your 
chips is typically six to 12 weeks after you place your 
order. However, in this age of shrinking time to market 
and JIT Gust-in-time) delivery, you may need a non- 
volatile memory with a shorter leadtime. Two types 
of nonvolatile memory address this need. Both fuse-link 
PROMs and one-time-programmable (OTP) devices let 
you stock memories that can sit in your storeroom and 
that you program, once, as the need arises. 

Fuse-link PROMs are generally bipolar, although 
some vendors are starting to provide BiCMOS devices. 
Bipolar PROMs are relatively fast and provide good 
radiation immunity, but they’re also power hungry 
and, because of heat dissipation, limited in density. 
Testing, too, is a problem with PROMs. Because you 
don’t want to blow a fuse to test it, you must take it 
on faith that the fuses work and limit your testing to 
the peripheral circuitry. PROMs have historically been 
used for storing macros and programs and in engine- 
control units; but, as high-speed EPROMs evolve, 
many of these applications are being handled by fast 
EPROMs and their siblings, the OTP memories. 

OTP memories are EPROMs (erasable programma- 
ble read-only memories), but instead of being packaged 
in expensive windowed ceramic packages, OTP devices 
come in plastic packages. Without a window to let 
UV light reach the die, OTP memories—as their name 
states—don’t have the reprogrammability feature of 
EPROMs. Because you needn’t worry about removing 
OTP memories for reprogramming, you can even pur- 
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Flash memories can be as dense as EPROMs, but they offer in- 
circuit block- or chip-erase capability. 


chase them in surface-mount packages. OTP memories 
offer relatively inexpensive, permanent nonvolatile 
memory and have short leadtimes. 

One type of OTP device is similar to a ROM. A 
family of devices that Advanced Micro Devices calls 
ExpressROMs are not true ROMs in that they are not 
mask customized. AMD manufactures these wafers us- 
ing their standard EPROM process, except for the 
passivation layer. For ExpressROMs, this layer is a 
low-cost nitride topside—rather than the more expen- 
sive topside that permits UV erasure—and protects 
and seals the die. AMD programs the die at wafer 
sort and then tests the devices before you receive 
them. Because there is no mask step, there are no 
NRE charges. To program an ExpressROM, you send 
either a JEDEC (Joint Electron Device Engineering 
Council) program file or two identically programmed 
JEDEC-standard EPROMs to AMD, and it will pro- 
gram the chips—minimum order 5000—to your specifi- 
cation in about four weeks. 

Stepping up a notch in flexibility and cost, EPROMs 
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are devices that come in a ceramic package with a 
quartz window. The window provides access for UV 
light to erase the information programmed into the 
EPROM. Because a single transistor is the storage 
element, the memory can be made very dense. Like 
ROMs, EPROMs are available in densities to 4M bits, 
and 8M- and 16M-bit devices are in the development 
phase. 

As long as you don’t need to rewrite the data often, 
there’s likely to be an EPROM with a speed that satis- 
fies your needs at a cost between $14 and $580 per 
megabit. Older EPROMs access data in speeds above 
100 nsec, but a new generation of the memories takes 
advantage of design tricks and performance optimiza- 
tions to achieve data-access times faster than 25 nsec. 
Texas Instruments announced an EPROM with a 
burst-mode configuration that achieves a high memory 
bandwidth via a statistical, cache-like methodology at 
this year’s ISSCC. Cypress specifies its 4k- and 16k-bit 
registered PROMs—the company calls its EPROMs 
PROMs because they’re available in PROM-standard 
pinouts—at 10- and 12-nsec clock-to-output delays. 
Some of Cypress’s 16k-bit nonregistered PROMs oper- 
ate with 20-nsec clock-to-output delays. 

However, EPROMs do have a few drawbacks. First, 
although EPROMs are erasable and reprogrammable, 
this process is time consuming (see box, “The physics 
behind reprogrammable chips”). You must first remove 
the EPROM from your system, then expose the device 
to UV light for about 20 minutes before reprogram- 
ming it using an EPROM programmer. As previously 
mentioned, the UV-erase feature necessitates that 
EPROMs be packaged in expensive ceramic packages 
with quartz windows. Also, you must prevent against 
accidental erasure by obscuring the window in your 
system. And, because you must be able to remove the 
chip to reprogram it, you must socket an EPROM. 


Use an EPROM if you can erase it all 

Another limitation inherent to using EPROMs is 
your inability to selectively erase memory locations. 
You must erase either every location in the memory 
array or none of them. This restriction makes KPROMs 
ineffective memories for data storage. But these chips 
are viable as storage elements for applications such 
as maps, tables of quasipermanent data, and programs 
in which the stored information changes infrequently. 

The limited endurance of EPROMs is another poten- 
tial drawback. Because you program EKPROMs with 
the hot injection of high-energy electrons through the 
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Most EPROMsSs are also available as OTP 
memories—low-cost variations that substi- 
tute plastic packages for more expensive 
windowed ceramic packages. 


oxide, the memory cell deteriorates with use. Most 
EPROMs are specified to withstand 100 write cycles, 
although some vendors specify their devices to 1000 
write cycles by using process-selection criteria. For 
applications in which you use the chip for infrequently 
changed program storage, 100 write cycles should be 
sufficient. But if you want to use the memory for stor- 
ing frequently altered data, the EPROM is not a good 
choice. 

If you need nonvolatile data storage, the full-fea- 
tured EEPROM (electrically erasable programmable 
read-only memory) is a better choice than the EPROM. 
The EEPROM lends itself to applications such as the 
storage of calibration constants or PABX configuration 
data—applications in which some, but not all, of the 
information is likely to change over time. 


Most EEPROMs are specified to endure 10,000 write 
cycles, although a number of manufacturers will select 
devices that will survive 100,000 or even 1,000,000 
write cycles. But the significant advantages of 
KEPROMsS are their in-circuit reprogrammability, gen- 
erally using only a 5V supply, and their byte-erase 
capability. 


Do you want charge pumps or more bits? 


The design techniques that provide the EEPROM 
with its advantages are also responsible for its draw- 
backs. Because of the chip area taken up by the charge 
pumps that allow 5V-only operation and the circuitry 
that permits byte erasure, EEPROMs are significantly 
larger than EPROMs at comparable bit densities. As 
a result, EEPROMs—at costs ranging from $180 to 
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$1500 per megabit—are more than three or four times 
as expensive as EPROMs. Also, EEPROMs aren't ca- 
pable of the same bit densities as are EPROMs, al- 
though the two device types offer comparable read- 
access times. 

Another nonvolatile-memory alternative is relatively 
new and—as is often the case when a few competitors 
surface with something new—is creating confusion. 
Flash memories approach the density of EPROMs at 
a slight cost premium and offer the in-circuit erasure 
and reprogrammability of EEPROMs. Some manufac- 
turers call their devices flash EPROMs and others call 
theirs flash EEPROMs, but there’s little agreement 
about what the difference is. The only feature common 
to all flash memories is that they offer fast, in-circuit 
erasure of either a sector or the whole memory. The 
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name flash, in fact, was coined to describe this high- 
speed bulk-data erase. 

To illustrate the divergent descriptions of flash 
EPROMs and EEPROMs, Texas Instruments claims 
that, since all of the flash devices are electrically eras- 
able, they should all be called flash EEPROMs. TI 
claims that the flash EPROM moniker could be a mar- 
keting ploy to capitalize on the relative popularity of 
EPROMs over EEPROMs. Both Atmel and TI suggest 
that some vendors might name their flash devices for 
the type of socket they are trying to fill—those chips 
with EPROM-compatible pinouts are flash EPROMs; 
those with EEPROM-compatible pinouts are flash 
EEPROMs. Seegq claims the destinction is that whereas 
a flash EPROM is only programmable at room tem- 
perature, a flash EEPROM is programmable over the 


99 


EEPROMs are more expensive than 
EPROMs, but they feature in-circuit byte- 
erase and program capability. 


entire operating temperature range. Intel manages to 
sidestep the issue by calling its parts flash memories. 

In addition to the characteristics that each of these 
vendors allude to, there are a number of others that 
you can use to differentiate among the flash offerings. 
Some devices are 5V programmable; others trade 
charge pumps for additional density and therefore need 
both 5V and 12V supplies. A number of flash memories 
have 100 or 1000 write-cycle endurances; others are 
capable of more than 10,000 write cycles. 

Most EPROMs require both a 5 and a 12V supply, 
KEPROM parts generally only need the 5V supply, 
and flash memories can fit in either category. EPROMs 
are the most dense of the three technologies. You can 
buy 4M-bit EPROMs, but the highest density 
KEPROM you can buy is only 256k bits. As something 
of an intermediate technology, 1M-bit flash memories 
are available. In read-access speed, both EPROMs and 
EEPROMs are available in high-speed versions that 
can present valid data in under 50 nsec. Such flash 
devices are under development. 

A final comment on the differences among the three 
memory families. A reflection of a memory’s density 
and manufacturability is its cost. According to data 
collected by In-Stat (Ref 2), high-volume pricing of 
EPROMs runs between $8.80 and $56 per megabit. 
EEPROMs cost between $160 and $320 per megabit 
and are only available in 512k- and 1M-bit versions as 
modules. Flash memories occupy a midrange, costing 
between $27 and $320 per megabit. 

For the end user, the major differences among 
EPROMs, EEPROMs, and flash memories are that 
both EEPROMs and flash memories offer in-circuit 
erase and program. EPROMs require that you remove 
the chip from the circuit, expose it for 20 minutes to 
UV light, reprogram with a programmer, and reinsert 
the IC. Additionally, whereas EEPROMs offer the 
ability to choose which byte you want to erase, erasing 
EPROMs is an all or nothing proposition, as are most 
flash memories. However, Seeq and National (through 
a joint licensing agreement) and Atmel do offer flash 
memories that let you erase on a sector-by-sector basis. 

One potential danger in using some flash memories 
is overerasure. When you erase a flash memory, you 
deplete charge from the memory cells. But if you re- 
move too much charge, you'll create what one vendor 
described as a WOM (write-only memory). Flash 
memories require that as the first part of your erase 
algorithm, you program all the bytes to data 00, to 
equalize the charge on all transistors. Your erase algo- 
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Although vendors can’t agree on the differences between flash 
EPROMs and flash EEPROMs, it’s important to understand the 
distinctions among the various devices. 


rithm then controls the removal of charge from the 
transistors for a specified length of time. If you “over- 
erase” the memory or any of its cells, you render the 
chip unprogrammable. According to Intel’s “Guide to 
Flash Memory Reprogramming,” cell depletion occurs 
after 10 sec, whereas the erase operation is specified 
at 10.5 msec. Therefore, as long as you exercise good 
design practice, you needn’t worry about creating 
WOMs. 


Low cost reflects manufacturability 


In addition to those memories already discussed, you 
can also chose among a number of other nonvolatile- 
memory types. Nonvolatile static RAMs (SRAMs) are 
SRAMs with a shadow EEPROM. This memory-cell 
redundancy limits the density of nonvolatile SRAMs 
and makes these chips very expensive. They work like 
SRAMs until you want to save data in the EEPROM. 
You can load information into the nonvolatile SRAM 
by sending it a Store instruction. This instruction can 
be sent either by signaling an input pin or by executing 
a software sequence that initiates the Store instruction 
and transfers the information from the nonvolatile 
memory’s SRAM array into the EEPROM array, typi- 
cally in 10 msec. You can load data back into the SRAM 
automatically on power-up or by using the hardware 
or software Recall instruction. 

The major limitations of nonvolatile SRAMs are cost, 
density, and speed; but a start-up company, Simtek, 
is making improvements in all three areas. Simtek’s 
nonvolatile SRAMs use SNOS (silicon nitride oxide 
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For programming, most flash memories use 
the hot-electron-injection technique, like 
EPROMs, but a few use Fowler-Nordheim 
tunneling, like EEPROMs. 


Advanced Micro Se oetees Signetics Co 


901 Thompson Pl _ . 811 E Arques Ave 
Sunnyvale, CA 94086 Sunnyvale, CA 94088 
— (408) 749-5968 _ (408) 991-2000” 
FAX 408-749-3240 — on Noe 674 
Circle No 650 
Simtek cop 
Atmel Corp 1465 Kelly J haton Blvd 


Colorado » Springs, C08 80920 


Catalyst Sem uct 
2231 Calle de Luna 
Santa Clara, CA 95054 : 
(408) 748-7700 
Circle No 652 


-Controlex Corp 
16005 Sherman Way 
Van Nuys, CA 91406 
(818) 780-8876 
Circle No 653 


Cypress Semiconductor _ Waferscale eT ntegration Ine i 

3901 N First St Woon 1 —— 
San Jose, CA 95134 

— (408) 943-2600 


Circle No 654 


Dallas Semiconductor — 
4350 Beltwood Dr 
Dallas, TX 75234 
(214) 480-0400 
Circle No 655 


Exel Microelectronics 


Box 49007 : 
‘San Jose, CA 95161 Xicor te . 
(408) 432-0500 851 Buckeye Ce . 


a FAX 408-434-8710 


Q ‘Circle No 657 | _ 
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GAN GPRO-S oe ..an industrial 


grade GANG/SET programmer for high- 

volume production. 

@ 32-32 pin or 16-40 pin EE/EPROM 
Capacity. 

@ Reliable quad redundant design minimizes 
downtime. 

@ Virtual algorithm code and space memory 
architecture assure upgradeability. 

@ Extensive error checking operations. 

Minimal operator skill required. 


* Edit Design Entry 

* Compile Cup! file 

» JEBEC file editor 

= Jnpat simulation file 

# Singiste foph ite 

® View sinalation resuits 

* Device selection 

= Help (CUPL quick reference) 
« Yatorial for PLD's 

= Quit 


> 
2C:\CHPLAS IIMGATES .31 
> 


GPL - Universal Compilers for Programmable Logic ~ v3.8 


CUP L™ the first high level, universal 

language for PLDs. 

@ Schematic entry, state machine or boolean 
equation design formats. 

= Comprehensive data base support library. 

@ Compatible with MS-DOS, UNIX and VMS. 

@ 24 hour/7day dial up bulletin board for 
update information. 

@ Worldwide field support. 


Gn i 2 6 A 


DEVICES, INC. 


is Kasy... 


ALLPRO — ..the universal device 


programming workstation that grows with 
your needs. 


@ Programs over 1800 device types (PLDs, 
PROMs, Micros). 

@ Continous device support program by 
floppies. 

@ No adapters or plug-in electronics. 

@ Totally pin/software driven. 

B Certified by major PLD manufacturers. 

@ High performance, menu-driven or macro- 
driven user interface software. 


1201 NW 65th Place. Fort Lauderdale, Florida 33309. (305) 491-7404. Toll Free 800-EE1-PROM. Telex 383142 
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Nonvolatile SRAMs combine SRAMs and 
EEPROMs on a single chip and let you save 
data temporarily in SRAM or permanently 
in EEPROM. 


semiconductor) technology to store charge on the sili- 
con nitride oxide insulator rather than on the conduct- 
ing polysilicon floating gate. The SNOS technology, 
along with a few design tricks, effects an order-of- 
magnitude improvement in nonvolatile-SRAM cost— 
from $7000 to $780 per megabit; a 16-fold increase in 
density—from 4k bits to 64k bits; and 5 to 10 times 
faster read-access times—from 200 to 300 nsec to 35 
nsec. 

Even more expensive, slower, and less dense than 
nonvolatile SRAMs but capable of providing radiation 
hardness and operating under extreme temperatures 
are nonvolatile memories made of ferrite cores. You 
can use these memories in applications that cannot 
utilize other types of memories because of the potential 
for extreme conditions. You’d have a tough time justi- 
fying the expense of core memories in cost-sensitive 
applications. The price of the memories ranges from 
$307,000 to $31 million per megabit, although the larg- 
est ferrite-core memory is only 512 bits. But there are 
applications, such as nuclear power plants and down- 
hole drilling, in which you need the capabilities of these 
devices. 

Ferroelectrics has existed for a while but may now 
be on the verge of fruition. This technology involves 
using a thin-film ceramic to form capacitors that sit 
above the conventional memory cell. To achieve higher 
density, these ceramic capacitors ultimately will re- 
place rather than supplement memory cells. 

Ferroelectric memories have the potential to offer 
the speed of SRAMs, the density of dynamic RAMs 
(DRAMs), and the nonvolatility of EEPROMs. How- 
ever, the current generation of evaluation units, which 
feature read- and write-access times exceeding 200 
nsec and densities less than 4k bits, doesn’t seem much 
of a threat to SRAMs, DRAMs, or EEPROMs. And 
the start-up companies making ferroelectric RAMs are 
chasing a moving target. To survive, vendors must 
approach the density and performance of existing non- 
volatile memories at a reasonable cost. The advantage 
of ferroelectrics is that it holds the promise of merging 
volatile and nonvolatile memory types. 

Using existing technology, Dallas Semiconductor 
and SGS-Thomson have brought nonvolatility to 
SRAMs. To protect SRAM applications, these compa- 
nies offer modules that contain both a static memory 
and a battery. Dallas Semiconductor specifies the mod- 
ules to retain data for five years. SGS-Thomson uses 
a lithium carbon monofluoride battery and predicts bat- 
tery life of 11 years at 70°C. The fundamental problem 
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with battery-backed SRAMs is that the battery is a 
wasting asset. When the battery dies, your system 
power supply will still let you use the memory, but 
you might turn off your system mistakenly thinking 
that your data is safe. 

Dallas Semiconductor protects data stored in 
DRAMs with its DRAM Nonvolatizer controller chip 
that you can purchase individually ($7 (100)) or as part 
of a SIMM (single in-line memory module). You sup- 
plement the primary power supply with capacitors, a 
NiCd battery, or lithium batteries. The DRAM Non- 
volatizer provides timing, refresh generation, and 
power-up and power-down sequencing to protect your 
data in case of system power failure. The Nonvolatizer 
is automatically activated when the primary supply 
voltage drops below 4.5V. The system retakes control 
when its voltage exceeds 4.5V and a software-con- 
trolled switch is set. 

Although battery-backed SRAMs and DRAMs aren’t 
truly nonvolatile memories, you can use them in certain 
applications providing that you can periodically check 
the battery’s charge status and replace the battery 


_ before it runs down. And although ferroelectric RAMs 


are not yet made in meaningful quantities or densities, 
they promise to bridge the gap between volatile and 
nonvolatile memories. 

On the other hand, there is no shortage today of 
true nonvolatile-memory types. If your design goals 
are realistic, then there’s sure to be a nonvolatile mem- 
ory among the ROM, PROM, OTP, EPROM, 
EEPROM, flash, nonvolatile SRAM, and ferrite-core 
chips that fits your cost, performance, and density 
needs. EDN 
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Vitelic’s 8Ons VRAMs 
Smash Old Speed Records. 


The 33MHz Serial Data Rate 
Burns Up the Road. 

Vitelic’s VRAMs—at 80ns row address access 

and 33MHz serial port cycle time—have set two new 
industry speed records and simplified 1280 x 1024 
graphics workstation design. 


Vitelic’s world-class design team succeeds in combining 
speed and performance. Our 64K x 4 VRAMs offer a 
bi-directional serial port and ease-of-use features like 
Turbomode” which provides real-time read transfer 
during row address changes. On the DRAM port we 
offer fast page mode function and a bit-masked write 
function for fast and easy data changes. 


Our VRAMs Will Turbo Charge 
Your Product. 

Vitelic’s VRAMs are specifically designed 
for applications that require tremendous 
speed. Our VRAMs will make your 

_ flight simulators, imaging and 
CAD/CAM systems, network 
communications, workstations and 
high-end PCs burn up the road. 


A High Performance, Fuel- 
Efficient CMOS Machine. 


Vitelic’s advanced CMOS process offers the 
triple threat of high speed, low power and high density. 
Our 256K CMOS VRAMs provide higher performance 
than 256K NMOS VRAMs and at a third less power. 


Call Today for a Test Ride. 
Call us today at (800) 344-5970 or write: 
Vitelic Corporation, 3910 North First Street, 
San Jose, California, USA 95134-1501 
to find out how our CMOS VRAMs : 
make graphics workstations and high- 
end PCs scream. 


WwW VITELIC 


The Emerging Leader 
in Specialty Memories 


Circle 70 for Literature 
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TEK’S $2 


995 LOGIC ANALYZER. 
OW WITH SUPPORT FOR MORE 


THAN 20 MICROPROCESSORS. 


Only the Tek 1230 lets you 
start with an entry-level 
logic analyzer —then, as 
time goes on, add channels 

_and draw from a compre- 
hensive list of 8- and 16-bit 
micro support. 


The most recent addi- 
tions to the 1230s 
long list of 

_ supported 
micros 

— include 


effortless; the disassembly and use. Yet you can access 
itself is more complete and features like four 2K deep 
informative than anything memories, sophisticated trig- 


else in its class. Youcan have — gering and built-in babysit- 


a complete 8-bit micro- 
processor debug package, 
including logic analyzer, 
for under $4000, and a 
16-bit package for 
under $6000. 

Start with 16 chan- 
nels. Expand in 16- 


channel increments 
to a maximum of 64. 


ting mode that are 
unprecedented in 
this price range. 


Call 1-800- 
426-2200 for 
rapid ordering, to 
get your technical 
questions | 
answered, or 


COMMENTS ~ 


‘sp : 


PART NUMBER 


ATMEL 


2 
: 
@ 


AT27C010 


AT27C512 


POWER SWITCHED. 


-NONREGISTERED. 
REGISTERED. 


INSTRUMENTS 
TMS27C210 
T™MS$27C512 
TMS27C512 
WAFERSCALE 


TEXAS 


MILITARY-SPEC VERSION. 


WS27C512DM 


PRICE 


DENSITY | 


SPEED 


/E | STAND BY 


PART NUMBER 


$16.09 (100) 


$12 (100) 
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OrCAD Answers Your Questions About 


F Multiole / Outdated 
glitches documentation 


Oops, 


a bad 
prototype 


DESIGN PROCESS 


Q: Why simulate? 


A: To save time. 


The ideal development cycle is schematic to prototype to 
production. Simulation dramatically decreases the 
dreaded loop of schematic to prototype to schematic to 
prototype to schematic to... 


You need a digital simulator that helps 
you find timing violations and design 
anomalies before you spend time and 
money on prototypes. The result: fewer logic simulator as superior to other simula- 
budget are being spent on laying in patches, not producing. iterations, ashorterdesigncycle,amore _ tors costing 20 times as much. 

reliable product and getting the project 


A: OrCAD/VST offers unsurpassed 
performance on a PC. Independent 
benchmark tests have hailed OrCAD ’s 


A: To save money. 


If your design goes through several iterations, is the 
documentation still accurate? Suddenly your time and 


A: To make you look good. right. 
Your schematic is supposed to be the best answer to 
someone else’s design problem. Think of how great you Il Why OrCAD/VST? « Event driven, |2-state functional 


look when you present a solution with no glitches, timing synuiaor 


violations or other problems. 


A: OrCAD/VST enables you to interac- j oa. sees os ee Ae 
tively verify your design as it develops. A : : 


Verification of your design doesn’t have to be handled at _ netlist from OrCAD’s powerful Schematic 
the prototype stage (or worse yet, the production stage). 


« Over 14,000 gate capability without 
additional memory 

« Logical analyzer display format (virtual 
screen displays 50 channels) 


e User selectable min. and max. displays 
A: OrCAD/VST features a user interface . [Includes component models of TTL, 


similar to OrCAD/SDT III, including ECL, CMOS, Memory devices & 
easy-to-use menu driven commands and utilities for creating custom models 
powerful keyboard macros. Your * OrCAD’s excellent support: 

valuable time is spent designing and technical staff, 24 hour BBS, | year free 
testing rather than trying to learn a new product updates, and a trained sales and 
system. support network. 


Design Tools is all that’s required to get 
started. 


A: OrCAD/MOD extends OrCAD/VST Call or write today for your Demo Disk 
to PLDs. A set of PLD Simulation and brochure. 
Modeling Tools, OrCAD/MOD produces 


models of PLDs for OrCAD/VST to use in 
simulation of the larger circuit in which r 
the PLD will operate. Systems Corporation 


1049 S.W. Baseline Street Suite 500 
Hillsboro, Oregon 97123 
(503) 640-9488 


IR88391 

AUSTRALIA ENGLAND ITALY SWITZERLAND 
Prometheus ARS Microsystems, Ltd. MicroData Systems Logmatic AG 
0 3862 3666 (0276) 685005 0187 966 123 056 83 38 38 
AUSTRIA FINLAND JAPAN WEST GERMANY 
Dahms Elektronik Gmbh Elektrotel OY Sotec Company, Ltd. COMPW ARE GMBH 
0316 640 300 0754 3122 045 (641) 0802 040 - 818074 
NETHERLANDS FRANCE SPAIN 
Post Electronics, NL ALS Design Next-For S.A. 
02159 - 41774 (01) 46.04.3047 0261 2415 
DENMARK/NORWAY ITALY SWEDEN 
NordCAD BRM Italiana Technology Partners 
0 817 3299 (011) 7710010 08 156815 
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TABLE 6—REPRESENTATIVE EEPROMs (Continued) 


| DENSITY __ POWER (TTL) - | 
PART NUMBER | SPEED WRITE | (BITS) | ORGANIZATION | ACTIVE |STANDBY| PRICE COMMENTS 


$12.75 (100) | 10 YEAR/10k WRITE ENDUR- 
ANCE. DATAPOLLING. WRITE 
TIME-OUT. READY/BUSY 
STATUS PIN. ERASE/BEFORE 
WRITE, 5V, PAGE WRITE, 
FALSE WRITE PROTECTION. 
| 10 YEAR/10k WRITE EN- 
DURANCE, DATA POLLING, 
WRITE TIME-OUT, ERASE 
BEFORE WRITE PAGE 
WRITE, FALSE WRITE PRO- 
TECTION. 5V. 
10 YEAR/10k WRITE ENDUR- 
ANCE. WRITE TIME-OUT, 
ERASE BEFORE WRITE, 
WRITE PROTECTION. 5V, 
=250 kHz 10 YEAR/10k 
WRITE ENDURANCE, 
WRITE TIME-OUT. 5V, 
READY/BUSY STATUS, FALSE 
WRITE PROTECTION. 5V., 
10.8 TO 205V PROGRAM 
VOLTAGE. BYTEWRITE CT 
AFTER CHIP RESET. FULLY 
STATIC 5 mSEC BYTE WRITE. 


XL2864A 250 nSEC $12.75 (100) 


XL2816A 250 nSEC $5.27 (100) 


XL93C46 1k SERIAL $0.36 (100) 


XL2804A 


$4.93 (100) 


XL46C15 


$5.10 (100) 


MICROCHIP 


24C04 WRITE PROTECTION FOR 
UPPER 256-BYTE BLOCK. 
PAGE-WRITE CAPABILITY 
FOR 8 BYTES. 

28C16 FAST VERSION READS IN 


150 nSEC AND WRITES IN 
200 »SEC. DATA POLLING. 
CHIP-CLEAR FUNCTIONS. 
ELECTRONIC SIGNATURE. 


50 mA 1mA | __ $1209 12-WEEK LEADTIME. 
17mA 1mA $8.45 12-WEEK LEADTIME. 


uPD28C64 
uPD28C04 


NOTES: THE VOLUME OF AVAILABLE SUPPORT CHIPS PREVENTS INCLUSION OF ALL DEVICES. 
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I wish to apply for 
YES! the MBNA Gold 

e MasterCard, MBNA 
VISA Gold or both with a credit 
line up to $50,000 and all the other 
benefits described above. | 
understand that if 1 do not qualify 
for a Gold Card, this constitutes my 
request for a Silver Card. 


(Note: This is not an application for a corporate account.) 

CO MBNA Engineers Gold MasterCard® (04:787/16:754) 

L] MBNA Engineers VISA Gold® (06:787/17:754) 

[1] MBNA Engineers Gold MasterCard & VISA Gold (05:788/18:755) 


(PLEASE PRINT) BIIS 
NAME 

ADDRESS 

CITY STATE ZIP 

HOME PHONE ( BUSINESS PHONE | ) 


ARE YOU cu RENTING L OWN @ BUYING MONTHLY PAYMENTS 


SOCIAL SEC. NO. DATE OF BIRTH 


NAME OF FIRM NATURE OF BUSINESS 
POSITION YEARS THERE 
ANNUAL SALARY $ OTHER INCOME $ 


SOURCE OF OTHER INCOME 
(Alimony, child support, spousal income or separate maintenance income need not be revealed if you 
do not wish it considered as a basis of repayment.) 


MOTHER'S MAIDEN NAME 
(For use when you request special action on your account) 


(Please print) 
CREDIT CARD ACCOUNTS 
My MasterCard®/VISA® Account # is 


My American Express® Account # is 


| have read the entire application, agree to its terms, and certify the 
information is correct. 


x. 


APPLICANT'S SIGN, 


| have read this entire application, agree to its terms, and understand that | will be jointly and 
severally liable for all charges on the account. 


| (We) authorize MBNA® to investigate any facts, or obtain and exchange reports 
reparding this application or resulting account with credit reporting agencies and 
others. Upon request | (We) will be informed of each agency's name and address. 


Annual Fee(s) $40 for Gold MasterCard or VISA Gold, $50 for 
(Fee Waived first year) Combination 


Annual Percentage Rate 16.9% 


Grace Period For Repayment Of At least 25 Days from statement closing date 

Balances For Purchases 

Method Of Computing The Average Daily Balance (including new purchases) 
Balance For Purchases 


Transaction Fee For Cash Advances, | Transaction Fee For Bank and ATM Cash Advances: 2% 
And Fees For Paying Late Or of each Cash Advance, $2 Minimum, $25 Maximum 
Exceeding The Credit Limit 


Transaction Fee For Access Check Cash Advances: 1% 
of each Cash Advance, $2 Minimum, $10 Maximum 


Late Payment Fee: $15; Over-the-Credit-Limit Fee: $15 


PREVIOUS FIRM YEARS THERE AMeR ieee oa: : 
(If at current firm less than 3 years) RSS ie er TS a Se The information about the cost of the card described in this application is accurate as of 6/89. This 

information may have changed after that date. To find out what may have changed, call us at 
PREVIOUS HOME ADDRESS 1-800-847-7378. 
(If at present address less than 3 years) MBNA‘? is a federally registered service mark of Maryland Bank N.A., an MNC Financial Company. 

MasterCard® is a federally registered service mark of MasterCard International, Inc. 
cay STATE ZIP VISA® is a federally registered trademark of VISA U.S.A., Inc. 

EDN090189 
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4.6"L x 24"W x 0.5" 


If Your 
Application 
Demands Low 


Noise Power... 


...You’ve probably had to put up with bulky, 

inefficient linear power supplies to get the low ripple 

that wide-dynamic-range signal conditioning applications 
demand. In test and measurement, medical imaging, quality 
audio, RF, or other demanding applications, even the best 
switchmode power supplies haven’t been able to deliver the 
combination of line harmonic rejection and low switching 
noise that your system demands. If you’ve ever wished for the 


noise performance of a linear in the space of a switcher, 
then... 


Vicor Has The Solution... 


Our high-frequency conversion architecture redefined the 
state-of-the-art in terms of power density and efficiency. Now 
we’re introducing the Ripple Attenuator Module™, a 
modular companion to our family of VI-200 converters which 
offers the noise performance of a linear while achieving 
power densities up to 23 Watts/cubic inch! 


Add a Ripple Attenuator Module™ to any Vicor VI-200™ 
converter, MegaModule™, MasterModule™ or FlatPAC™ 
with output voltages from 5 to 50 Volts and limit total output 
noise to less than 2mV, peak-to-peak at loads up to 10 
Amps. Combining active and passive filtering, RAMs atten- 
uate both low frequency line harmonics and high frequency 
switching components in the range of DC to 20 MHz...by 
approximately 40 dB. No adjustments are required, and 
remote sense and output voltage trim features are retained. 


VI-RAM 
Ripple Attenuator Module 
2.28"L x 2.4"W x 0.5"H 


RAMs Are Available In Three Product Grades: 


TM 


VI-RAMs Are 
Designed For Use 
With The Following Products: 


VI-200™ Series DC-DC Converters and Power Boosters'™ 


#12 to 300 VDC nom. inputs 
w Single output, 2-95 Volts 
#50, 75, 100, 150, 200 Watts 
# Up to 36 Watts/cubic inch 
# UL, CSA, TUV 


Mega/Master Module™ Series High Power DC-DC Converters 


# 12 to 300 VDC nom. inputs 
w Single, dual and triple output 
# Up to 600 Watts 

# Up to 27 Watts/cubic inch 

# UL, CSA, TUV 


FlatPAC™ Series High Power AC-DC Switchers 


w 115/230 VAC strappable 

# Single, dual and triple output 
» Up to 600 Watts 

# Up to 7 Watts/cubic inch 
UL, CSA, TUY 


= Commercial 0°C to +85°C VI-RAM-C1 If you’d like to try a V-RAM, or want to know more about 
_ Ae ° RAM. our complete family of component-level power products, call 
2 set es cei aia eas Vicor today at (800) 735-6200. For immediate delivery of 
@ Military -55°C to + 100°C VI-RAM-M1___ Vicor products ask for Vicor Express at Ext. 265. 
Component Solutions For Your Power System A 
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Proper 


Design Feature 


output 


decoupling maximizes 
power-supply operation 


The decoupling techmque presented here lets 
you develop an optimum supply-load decou- 
pling network. You need to know only two 
values—the supply’s output impedance and 
the capacitor’s impedance characteristics— 
to solve nowse problems without causing oscil- 
lation. 


Steven C Hageman, Calex Mfg Co Inc 


When you’re decoupling a power supply, your goal is 
to reduce the supply’s high-frequency impedance with- 
out turning the supply into a giant power oscillator. 
To reduce power-supply noise, don’t just grab the high- 
est value, lowest impedance capacitor you can find, 
connect it across the supply output, and assume that 
you’ve solved noise problems. This hit-or-miss ap- 
proach can cause more problems than it solves. Power- 
supply noise problems aren’t caused by the power sup- 
ply alone—load interactions and switching transients 
contribute significantly to the amount of noise. The 
following decoupling technique solves all of these prob- 
lems and works for all supplies—switching or linear, 
discrete or monolithic—regardless of output-power 
level.. To use this technique, you need only two simple 
measurements—the supply’s output impedance and the 
capacitor’s impedance characteristics. 
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The basic block diagram is pretty much the same for 
both linear and switching power supplies. A difference 
amplifier senses the supply output and compares it to 
a reference voltage. The output of the amplifier drives 
a modulator in a manner that produces a — 180° phase 
shift throughout the system at de. This type of negative 
feedback electronically reduces the supply’s output im- 
pedance to make load regulation figures much better 
than they are for an open-loop system. 

You’d expect a basic power supply to have a low 
output impedance (good load regulation) for all fre- 
quencies. However, power-supply designers have to 
roll off the gain of the feedback amplifiers as the fre- 
quency increases, so the supply’s output impedance 
increases as the frequency increases. In other words, 
the output impedance is actually inductive for some 
frequency ranges. 

Fig la shows how this frequency-dependent imped- 
ance characteristic develops. As shown, a 102 resistive 
source serves to model the modulator—real power sup- 
plies may have resistance values ranging from hun- 
dreds of milliohms to hundreds of ohms. Fig 1a includes 
an op amp with a 60-dB open-loop gain that’s config- 
ured as an inverting integrator to model the error 
amplifier. The loop gain of the error amplifier reduces 
the output impedance of the Zy as this equation shows: 


Zour = Zy/(1 + T), (1) 


where T equals the overall loop gain. 
At de, the system’s loop gain equals the 60-dB open- 


117 


All capacitors have at least two parasitic 
elements—equwvalent series resistance 
(ESR) and equivalent series inductance 
(ESL). 


loop gain of the op amp minus the 6-dB loss of the 2:1 
voltage-sensing divider, or 54 dB. At dc, Eq 1 yields 
an output impedance of 100/502, or 19.9 mQ. At high 
frequencies, the loop gain is zero and the output imped- 
ance is 100/1+0, or 100. Between these frequencies, 
the output impedance increases, starting at 35 Hz (be- 
cause of the integrator pole) with a slope of + 1—that 
is, a 10X increase in frequency will cause a 10x in- 
crease in the supply’s output impedance (Fig 1b). 

Unfortunately, you can’t use a simple resistor to 
model the open-loop impedance of all power supplies. 
The output also contains capacitors, and, in the case 
of switching supplies, inductors. Because feedback the- 
ory forces designers to close the feedback loop at a 
single-pole rate, the output impedance always approxi- 
mates the curve shown in Fig 1b, deviating slightly 
at very low or very high frequencies. 

Fig 1c shows a linear equivalent circuit for the out- 
put impedance of the regulator of Fig la. By plotting 
the output impedance on reactance paper (see box, 
“Determine output impedance”), you can readily derive 
the circuit values. You can then read the values for 
Rpc, Ryr, and L directly from the graph. The equiva- 
lent circuit of Fig 1c will suffice for almost all regula- 
tors. | 


Consider dynamic load interactions 


A power supply reacts to any load demand by pre- 
senting an output impedance that matches the output 
impedance of the load at the load’s fundamental excita- 
tion frequency. For a dc load, this impedance equals 
20 mQ). If the supply is driving a load such as an 
oscillator that draws a 10-mA sine-wave current at 
2000 Hz, the supply’s output impedance would be 1.20, 
and a 12-mV sine wave would ride on the output of 
the power supply. At any frequency over 20 kHz, the 
supply’s output impedance equals 100. 

Supplies also have to drive step-type loads quite 
often. The equivalent frequency for step loads equals 
0.35/(rise time). If you were to impress a 100-mA step 
load with a rise time of 1 ywsec on the power supply, 
the power supply’s output would present an impedance 
of 10. (The equivalent frequency of the step is 350 
kHz.) 


Proper decoupling improves supply response 

Fig 2a shows the results of adding a 47-yF capacitor 
to the output of the supply in Fig la. This illustration 
shows the supply’s response before and after the addi- 
tion of the capacitor. The capacitor reduces the peak 
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Fig 1—You can model all power supplies in a similar manner. At 
low frequencies, overall loop gain is a function of amplifier loop 
gain (a). As the frequency increases, the supply’s output impedance 
mereases in a linear fashion (b) until it flattens in the 100-kHz 
range. You can develop a linear equivalent circuit (ce) to plot the 
supply’s output versus frequency characteristics. 
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voltage, but introduces a 2.5-kHz oscillation on the 
output. In essence, the 47-~F capacitor brings the 
power supply to the brink of sustained oscillation. Fig 
2b shows why this problem occurs. When you overlay 
the impedance of a 47-~F capacitor on the power sup- 
ply’s output impedance, the two impedance curves in- 
tersect at 2.5 kHz, causing oscillation. 

The intersection occurs at a rate-of-slope-change of 
2 (the increasing slope of the inductor plus the decreas- 
ing slope of the capacitor). At a given frequency, any 
rate-of-slope-change greater than 1 adds significant 
phase shift to the power supply’s feedback loop. This 
phase shift makes the supply potentially unstable and 
violates the fundamental rule that Bode developed for 
feedback stability. At the 2.5-kHz crossover, the com- 
bined circuit forms an LC (inductance/capacitance) 
tank, and the output impedance actually has a peak 
value of 100 at 2.5 kHz. 

Actually, it’s impossible to find a perfect 47-wF ca- 
pacitor. All real capacitors have at least two parasitic 
elements—equivalent series resistance (ESR) and 
equivalent series inductance (ESL) (see box, “Know 


e@ as ine e output impedance 


your capacitors”). For a 47-wF, subminiature, alumi- 
num electrolytic capacitor, the ESR might be in the 2 
to 50 range. Such values will flatten the capacitor’s 
impedance curve well before it intersects with the sup- 
ply’s output impedance curve, eliminating the possibil- 
ity of severe impedance peak. For a high-quality tanta- 
lum capacitor, the ESR might be in the 0.1 to 0.30 
range, and the response and ringing shown in Fig 2b 
will definitely occur. The hit-or-miss approach to 
power-supply decoupling causes problems because of 
parasitic elements such as these. Proper decoupling 
depends more on the construction and type of capacite~ 
than on its value. 


Figure it out, don’t guess 


Once you’ve used the known system load transients 
to establish the maximum desired impedance at the 
frequency or frequencies in question, you should check 
to see that the power supply itself meets your design 
requirements. Most well-designed, commercial power 
supplies provide sufficiently low output impedance to 
satisfy 99% of all applications. However, if you need 


aly meee a power 
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case effects into consideration, | 
_ you should repeat the plot at the _ 
_high- and low-input line voltages _ 
_and for the highest and lowest ex 
_ pected loads. You should then re- _ 
- peat the plot at the highest and 
— lowest expected operating tem-_ 
peratures for these two worst-— —o 
case combinations. _ 


By plotting the output ee _ 


oe on reactance paper, youcan _ 
_ develop a linear equivalent cireuit 
_of the power supply. You can 
| then read the values for Roc 


= and ey neatly & ran the: 


On occasion, tt will be impossible to use a 
single-section damping network to achieve 
your design goal. 


to improve your supply-load combination, you can take 
the following design steps to improve the output-im- 
pedance characteristics of the power supply. 

@ Determine the power supply’s output impedance 
curve. 

@ Calculate the maximum desired output imped- 
ance over the pertinent range of frequencies for 
your load. 

@ Determine which decoupling network (Fig 3) will 
provide the desired output impedance. 

@ Calculate the component values for the damping 
network. 

e After you add the damping network, verify the 
output impedance to see if any resonant peaks 
are present. 

In Fig 3a, the power-supply output features a single 
RC decoupling network. You might need to use a dis- 
crete resistor for Rp in some cases; in other instances, 
the capacitor’s ESR can serve as Rp. This RC network 
is designed to provide a high-frequency impedance of 


Rp to the load. You can choose the capacitance value 
by using the equation 
C=1/2nfRp: (2) 

You have to select the break frequency (f) so that 
the break occurs somewhere below the intersection of 
the capacitor impedance and the output impedance of 
the supply. To minimize peaking, select a break fre- 
quency that occurs anywhere from 0.1 to 0.7 of the 
non-Rp crossing frequency. To ensure that the damping 
circuit will exhibit a critically damped (or overdamped) 
characteristic, choose a break frequency of less than 
0.4. 

For real-world components, size and ESR limitations 
may make it impossible to attain the desired output 
impedance with a single RC decoupling network. The 
dual-decoupling-network design shown in Fig 3b solves 
such problems. C, and Rp, allow you to flatten the 
supply’s output impedance at a low frequency; you can 


ROSH 
Ra 


a 


Fig 2—You’ll almost certainly increase noise problems by taking a hit-or-miss approach to decoupling. You can reduce peak noise voltage 
by indiscriminately adding a high-value capacitor to the supply output, but this method introduces oscillation (a). This approach also 
violates the fundamental rules of feedback theory and develops a significant output-impedance spike (6). 
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ve parasitic components 
ause them to deviate from 


acitors, 


your r capacitors _ 


all electronic: parts, capaci- - 


talum electrolytic, and ceramic. 


_ Each has its own unique advan- 


tages and disadvantages. 


- Aluminum electrolytics have 
capacitance values from 0.1 pF 


to at least 20,000 pF. Not all 


oO es ESR may be as 


~ much as ten times higher at 100° 
He than at 100 kHz. Thus, when 


most power-supply designers talk 
~ about ESR, they’re really talking 
— about the maximum capacitor im- 


of the impedance curve. 
ESR also varies from unit to 
unit and with temperature. Unit- 
 to-unit ESR variation for capaci- 
hat have no impedance - 


greater; 2:1 ESR. variations are 
common for capacitors that have 
ESR characterizations. In tem- 
: perature, ESR may vary by as 
~ much as 100:1 over —55 to 

- +105°C. Most of the ESR vari- 


ation (30: 1 change) occurs De. a 


tween +25 and —50°C. 


_ For most well-designed capaci- : 


- toni, ESL has no effect on imped- 
an ce. until beyond 1 MHz. How- 


ever, certain aluminum electro- _ 


Wee. capacitors have an ESL as 


high as 1 pH, and this high value 2 


ean indeed change the imped- 
_ -ance-versus-frequency picture. 
_ Manufacturers rarely specify 


. a 4:1 maximum ESL vari- 
ation with | temperature or from 
unit to unit. 


time; 


ce are not unusual at 100° 
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SL; it’s a construction- or lead- 
ngth problem that typically re-_ 


ESR and ESI G also cians with, 
the older the capacitor and © 
se it’s been ioral the _ 


ora ‘ 1 proreey in im- _ 


i manufacturers specify the maxi- 
mum impedance of their alumi- 
hum capacitors or specify how im- — 
-pedance changes over tempera- _ 
ture. It’s safe to assume, how- 
ever, that a capacitor with an im- 


pedance specification will have 


— ad better ESR and ESL tolerances. 
- pedance in the flattened portion 


In power-supply work, you 


- should always use an aluminum 


capacitor rated to operate at — 
105°C to improve circuit reliabil- 
ity. These devices have a high ca- 


_ pacitance per unit volume and a 
_ good Cx ESL product. To maxi- — 
mize reliability, you should de 


rate all capacitor specifications. 


_ Aluminum capacitors are used ex- 
_ tensively in power-supply de- 
signs and have excellent lifetimes 


when they are properly derated. 
Tantalum capacitance values 


_ range from 0.1 to 680 pF. Tanta- 
lum capacitors are the best choice 


for circuits where you need a 
small-size unit with low imped- 


ance values. 


_ As with aluminum electrolytic 
capacitors, not all tantalum-ca- — 
pacitor vendors specify the maxi- 
mum impedance. ESR variation | 


unit is approximately the same 


for both aluminum and tantalum 


capacitors; tantalum units have 


_ better temperature stability, 


however. They also have very 


high capacitance per unit volume 
and an excellent C x ESR prod- 


uct. Tantalum capacitors are © 
smaller than comparable alumi- 


num capacitors, so they ites a 
lower ESL. | 

In most cases, tantalum capaci- 
tors provide excellent bypassing 
performance over a wide tem- 


Power-supply designers typi- _ 
cally use three types of capaci- _ 
: —tors—aluminum electrolytic, tan-— 
eir ideal characteristics. For ca- : : 
equivalent. series resis- : 
(ESR) and. equivalent: oe 


perature range. Again, for high- 


est reliability, you should signifi- _ 
-eantly derate capacitor — 


tions. 
_Coranic edie are oo 


able with values ranging from 
_ tens of picofarads to tens of mi- — 
_ erofarads, and they provide ex- 
cellent high-frequency bypassing 
at frequencies to 50 MHz. Several 
dielectrics are available with dif- 
ferent temperature characteris- _ 
ties and stabilities. Capacitance — 
_ values of 0.01 to 1 pF are most 


commonly used in power sup- 


plies. Typically, ceramic capaci- 
tors have very low ESR values, 
and ESL and wire lead length — 


dominate capacitor impedance al 


_ high frequencies. — 


Self-resonant frequency is a 
term associated with ceramic ca- 


-pacitors. At this frequency, a ce- — 
ramic capacitor resonates with its 
own inductance like an LC tank 

_ does. The self-resonant frequency ~ 


of a ceramic capacitor is usually 


in the 2- to 50-MHz range. Self- 


resonant frequency is inversely 


proportional to the size of the —/ 
—eapacitor—the larger the capaci- 
tor, the lower the frequency. Ce- 


ramic capacitors have a low ca- 


pacitance value per unit volume 


and a very high C x ESR product. 


_ To lengthen the life of a ceramic 

capacitor, you should derate volt- 

age ratings by at least 40%. 
_ When selecting capacitors for — 

_ your power-supply designs, it’s 

- with temperature or from unit to | 

a urements. This is the step where 


best to make all your own meas- 


a very good LCR meter or low- 


frequency network analyzer pays 
_ for itself. Your primary concerns 
_ should be temperature, unit-to- — 
unit parameter variations, and 

long-term changes in the capaci- 


tor’s characteristics. The power 


supply isn’t the place to save pen- 
_ nies on capacitors; if the power 


supply fails, the entire system 
shuts down. Buy from vendors 


who or ~ —— mel 


The older the capacitor and the hotter 1t’s 
been running, the higher the ESR and ESL. 


Fig 3—When your decoupling needs aren’t too stringent, you can usually solve the problem with a single RC network (a). When you’re 
dealing with real-world component limitations, a dual RC network (b) can provide the necessary decoupling performance. 


OUTPUT 


OUTPUT 


100 mA, 1-»SEC STEP 


Fig 4—As long as low-frequency damping isn’t a problem, you can use a single RC network (a) to decouple your power supply. When 
you have to worry about frequencies as low as 10 Hz, however, a dual RC network (b) may be the only way to solve decoupling problems. 


then use higher-quality components for C, and Rp,» to 
reduce the high-frequency power-supply impedance. 

All circuit impedances should be at least 10 x higher 
than the impedance of the decoupling-network ele- 
ments. If that’s not the case, the two elements will 
interact. This interaction can compromise the accuracy 
of the damping equations. The load also acts as a damp- 
ing element to further improve the decoupling network 
performance. 


Putting theory into practice 


The following examples show you how you can use 
the decoupling technique in the design process. First, 
suppose your task is to reduce the power supply’s out- 
put impedance to less than 12 for frequencies above 
1 kHz. Begin by plotting the power supply’s output 
impedance on reactance paper. Add the desired 10 
horizontal line to the graph. The crossing frequency 
will occur at 1.7 kHz. For the given conditions, choose 
a break frequency of 0.4 Hz (1.7 kHz) or 700 Hz. A 
standard 220-yF capacitor has a 700-Hz break fre- 
quency with 10 impedance. The resulting damping net- 
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work appears in Fig 4a. 

When selecting the capacitor, remember that capaci- 
tor ESR is part of Rp. The capacitor shown in Fig 4a 
is an aluminum electrolytic unit that has an ESR of 
0.20. The actual discrete-resistor value shown for Rp 
is 0.80. Use a film- or composition-type resistor rather 
than a wirewound unit. 

On occasion, you'll find that unrealistic capacitance 
and ESR values make it impossible to use a single- 
section damping network to achieve your design goals. 
In these cases, you can go with a dual-damping-net- 
work scheme. 

If you want to make the supply’s output impedance 
as low as possible for frequencies above 10 Hz, 10 
starts to look like a pretty large number. A second 
damping network can solve this problem, though. The 
design of the second damping network parallels that 
of the first network. The second damping capacitor’s 
reactance should equal 10 at a minimum of 2.5 (that 
is, 1/0.4) times the original crossing frequency. At 4250 
Hz, a 33-yF capacitor has a reactance of 1.10. You’d 
usually use a tantalum or ceramic capacitor for Co, 
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One good idea after another. 
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because these types typically have lower ESR and ESL 
values. C,’s ESR can then serve as the network damp- 
ing resistor. It’s easy to find a 33-yF tantalum capaci- 
tor that has an ESR of 0.20. Fig 4b shows the resulting 
circuit. 

It’s important to keep the ESL value of C, low at 
4250 Hz to ensure that Ry, controls C,’s impedance. If 
C,’s ESL value controls the capacitor impedance, you'll 
form a secondary LC tank circuit. With high-quality 
impedance-specified capacitors, however, it’s not a ma- 
jor problem. 

Although damping networks can substantially re- 
duce peak overshoot, damping also increases the sup- 
ply’s settling time to a 1 or 0.1% error band. This 
settling-time increase, however, isn’t as big a problem 
as peak overshoot values. Large peak overshoots can 
cause false triggering problems with flip-flops, gener- 
ate glitches in digital systems, and ring through the 
power-supply rails of linear circuits. In the design ex- 
amples, the settling time to 5 or 10% isn’t a problem, 
because the output never exceeds the error-band level. 

If you use this decoupling technique for your power 
supply, you'll reduce the amount of noise—without 
causing more problems—and increase your supply’s 
long-term performance. 
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All cellular radios can be used in con- 
nection with 110 or 220 V AC. All you 
need is a small powerful unit that con- 
verts AC to 12 V DC. This will extend the 
use of your cellular radio enormously. 
Just plug in the Mascot unit wherever 
you have access to a power line and the 
connection is yours. In fact, most elec- 
tronic devices are low voltage, DC oper- 
ated and require suit- 


32 pages full 
colour cata- 
logue with 
more than 50 
different power 
supply units, 
fully specified 
with all 
technical 
informations. 
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by Mascot Electronic? 
(Answer: None) 


tronic is Scandinavias’ largest manufac- 
turer of power supply units with a com- 
plete range of more than 50 models - AC/ 
DC power supplies, DC/DC converters, 
DC/AC inverters, battery eliminators, 
chargers..... And even more, customer 
specified units in small or large series on 
request. Since 1964 we have delivered 
more than 4 million power supply units to 
the leading electronics industry inEu- 
rope. So whenever you need reliable 
power supplies, ask for Mascot. 
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AND PHILIPS —- THE GLOBAL ALLIANCE IN TEST & MEASUREME 


PHILIPS 


FORETELL 


ICROTEK offers a complete 


line of MICE (Micro-In-Circuit- 
Emulator) for most popular 8, 


16 and 32-bit microprocessors. These 
series of MICE are capable of 
debugging high speed targets without 
accumulating wait state, eg. 25 MHz for 
68020, 16 MHz for 68000/80C186. 
Protected Mode in 80386, coprocessor 


emulation in 16/32 bit series and 


bus/execution breakpoints in all series, are 
few examples of MICE powerful emulation 
features designed to meet advanced 
development needs. 


OUR DEVELOPMENT NE 


All MICE series could work well with IBM 
PC/XT/AT*, IBM PS/2*, VAX*, »VAX?, 
Apollo*, Sun* and NEC* 98 series. Cross 
assembler/compiler, symbolic debugger and 
high level language debugger are also 
available to offer optimized software tool 
supports to an advanced development 
environment. 

MICE SERIES AVAILABLE MODELS 


uC | 8048 Family, 8052 Family, 28, ZS8, 68HC11, 80515/535, V25 


8-BIT | 8085, 6809/, 280, NSC800, 6502F, 64180 
16-BIT | 80086/88, 80C186/188, 80286, 68000010, 68008, V20/30 
80386, 68020 (25 MHZ) 


MICROTEK INTERNATIONAL INC. 


HEADQUARTERS , 
Tel: 886-35-772155 Fax: 886-35-772598 
Telex: 32169 MICROTEK 


U.S.A. OFFICE : 
Tel: (213)321-2121 Fax: (213)538-1193 
Telex: 797880 MICRO 


EUROPE OFFICE 
Tel: 49(211)556181 Fax: 49-21 1-872362 
Telex: 8584020 
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PART 8 


Keep a broad outlook 
when troubleshooting, 
Op-amp circuits 


External components often determine an op amp’s per- 
formance—that’s why Bob spent the previous seven 
parts of this series discussing them. But op amps aren’t 
trouble-free: Oscillations and noise are two common 
problems. Yow'll have similar trouble with buffers and 
comparators, which Bob will discuss in part nine. 


Robert A Pease, National Semiconductor Corp 


After many pages of fiddling around with many differ- 
ent components, we finally arrive at the operational 
amplifier itself. And the good news is that half of our 
problems are already solved. Why? Because it’s the 
components around op amps that cause many of their 
problems. After all, the op amp is popular because 
external components define its gain and transfer char- 
acteristics. 

So, if an amplifier’s gain is wrong, you quickly learn 
that you should check the resistor tolerances, not the 
op amp. If you have an ac amplifier or filter or integra- 
tor whose response is wrong, you check the capacitor, 
not the op amp. If you see an oscillation, you check 
to see if there’s an oscillation on the power-supply bus 
or an excessive amount of phase shift in the feedback 
circuit. If the step response looks lousy, you check 
your scope or your probes or your signal generator 
because they’re as likely to have gone flaky as the op 
amp is. These failures are the reason we studied so 
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many passive components: The over-all performance 
of your circuit is often determined by those passive 
components. And yet, there are exceptions. There are 
quite a few ways an op amp itself can goof up. 


Don’t sweat the small stuff 


Before we discuss serious problems, however, you 
should be aware of the kinds of op-amp errors that 
aren’t significant. First of all, it generally isn’t reason- 
able to expect an op amp to be linear, nor is its non- 
linearity all that significant. For example, what if an 
op amp’s gain is 600,000 for positive signals but 900,000 
for negative signals? This mismatch of gain slope causes 
a nonlinearity of about 10 pV in a 20V p-p unity-gain 
inverter. Heck, the voltage coefficients and tempera- 
ture-coefficient errors of the feedback resistors will 
cause a lot more error than that! Even the best film 
resistors have a voltage coefficient of 0.1 ppm/V, which 
will cause more nonlinearity than this gain error. 

Similarly, an op amp may have an offset-voltage tem- 
perature-coefficient specification of 1 wV/°C, but the 
op amp’s drift may actually be 0.33 wV/°C at some 
temperatures and 1.2 pV/°C at others. Twenty or 
thirty years ago, battles and wars were fought over 
this kind of specsmanship, but these days, most engi- 
neers agree that you don’t need to sweat the small 
stuff. Most applications don’t require an offset drift 
less than 0.99 pV for each and every degree. Most 
cases are quite happy when a 1 pV/°C op amp drifts 
less than 50 wV over 50 degrees. 
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When tt comes to op amps, dow’t sweat the 
small stuff: 


Also, you don’t often need to worry about bias cur- 
rent and its temperature coefficient or the gain error. 
If the errors are well behaved and fit inside a small 
box, well, that’s a pretty good part. 

A good example of misconstrued specs is the com- 
mon-mode error. We often speak of an op amp as hav- 
ing a CMRR of 100 dB. Does this number mean that 


the common-mode error is exactly one part in 100,000. 


and has a nice linear error of 10 wV per volt? Well, 
this performance is possible, but not likely. It’s more 
likely that the offset-voltage error as a function of 
common-mode voltage is nonlinear (Fig 1). 

It really bugs me when people say, “The op amp has 
a common-mode gain, Ayc, and a differential gain, Ayp, 
and the CMRR is the ratio of the two.” This statement 
is silly business. It’s NOT reasonable to say that the 
op amp has a differential gain or common-mode gain 
that can be represented by a single number. Neither 
of these gain numbers could ever be observed or meas- 
ured with any precision or repeatability. Avoid the 
absurdity of trying to measure a “common-mode gain 
of zero” to compute that your CMRR slope is infinity. 
You'll get more meaningful results if you just measure 
the change in offset voltage, Vos, as a function of com- 
mon-mode voltage, Voy, and observe the nonlinear 
parts of the curve. What’s a good way to measure the 
change in Vog versus Vcy-—the CMRR—of an op amp? 
I know of two test circuits that work pretty well—send 
me your request and I'll mail you a copy. But watch 
out for tests that add the common-mode error and the 
gain error because the gain error normally overshad- 
ows the common-mode error. 


Some data sheets include a CMRR-versus-frequency 
curve that looks the same as the gain-bandwidth-prod- 
uct curve, which is normally the sign of a foolish meas- 


urement error. Yes, in 1989 you can still see this kind 


of ridiculous curve in the data sheets of various manu- 
facturers. The LF401’s data sheet is one example, but 
this situation is being fixed. In most cases, you can 
expect an op amp’s CMRR at 1 kHz to be much better 
than its gain at 1 kHz. If the data sheet says they’re 
the same, then it’s probably wrong. 


Measure bias current rather than impedance 


Another op-amp spec you don’t need to worry about 
is the differential input impedance. Every year I still 
get asked, “How do we measure the input impedance 
of an op amp?” And every year I trot out the same 
answer: “We don’t.” Instead, we measure the bias cur- 
rent. There’s a close correlation between the bias cur- 
rent and the input inpedance, so if the bias current is 
low, the input impedance (differential and common- 
mode) must be high. So, let’s not even think about how 
to measure input impedance because I haven’t meas- 
ured it in the last five years. 

Generally, an ordinary differential bipolar stage has 
a differential input impedance of 1/(20x<I,), where I, 
is the bias current. But this number varies if the op 
amp includes emitter-degeneration resistors or internal 
bias-compensation circuitry. You can easily test the 
common-mode input resistance by measuring AI, ver- 
sus Voy. 

I’ve measured some input capacitances and find the 
circuits of Fig 2 to be quite useful. Input-capacitance 


Fig I—The CMRR of an op amp can’t be represented by a single number. It makes more sense to look at the CMRR curve, AVos vs Vey, 


and note its nonlinearities. 
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data is normally of interest only for high-impedance 
high-speed buffers or for filters where you want to 
make sure that the second-source device has the same 
capacitance as the op amps that are already working 
okay. 


Recognize false “error” characteristics 


Sometimes, an op amp may exhibit an “error” that 
looks like a bad problem, but isn’t. For example, if an 


op-amp output is ramping at 0.3V/ysec, you might be 


surprised when you discover that the inverting input, 
a summing point, is NOT at ground. Instead, it may 
be 15 or 30 or 100 mV away from ground. Why isn’t 
the inverting input at the “virtual ground” that the 
books teach us? The virtual ground theory is applicable 
at de and low frequencies, but if the output is moving 


at a fast speed, then expecting the summing point to 
be exactly at ground is unreasonable. In this example, 
dV oyr/dt equals 277 Vy, times the unity-gain frequency. 
So, 15 mV of Vj; is quite reasonable for a medium- 
bandwidth op amp, such as an LF856, and 50 or 70 
mV is quite reasonable for a wA741. If you want an 
op amp to move its output at any significant speed, 
there has to be a significant error voltage across the 
inputs for at least a short time. 

Also beware of op-amp models and what they might 
mistakenly tell you. For instance, the “standard” equa- 
tion for a single-pole op amp’s gain is A= A,(1/1+jwT). 
This equation implies that when the de gain, Ag, 
changes, the high-frequency gain, A, changes likewise. 
Wrong! With the growing popularity of computer mod- 
eling, I have to explain this to a would-be analyst every 


THE PLUS INPUT OF TH 
UT THE PLUS INPUT 


Fig 2—These circuits let you test an op amp’s common-mode input capacitance (a) and differential input capacitance (b). 
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Don’t expect the textbook “virtual-ground 
theory” to apply at high frequenctes; for the 
output to slew rapidly, there must be an 
error voltage between the inputs. 


month. NO, there is almost no correlation between the 
high-frequency response and the spread of de gain. 
There are several ways to get an op amp’s dc gain to 
change: Change the temperature, add on or lift off a 
load resistor, or swap in an amplifier with higher or 
lower de gain. Although the de gain can vary several 
octaves in any one of these cases, the gain-bandwidth 
product stays about the same. If there ever were any 
op amps whose responses did vary with the de gain, 
they were abandoned many years ago as unacceptable. 

So, your op-amp model is fine if it gives you a fixed 
gain-bandwidth product. But if the gain at 1 MHz dou- 
bles every time you double the de voltage by reducing 
the load, you’re headed for trouble and confusion. | 
once read an op-amp book that stated that when the 
de gain changed, the first pole remained at the same 
frequency. In other words, the author claimed that the 
gain-bandwidth product increased with the de gain. 
Wrong. I wrote to the author to object and to correct, 
but I never heard back from him. 

I often see op-amp spec sheets in which the open-loop 
output impedance is listed as 500. But by inspecting 
the gain specs at two different load-resistor values, 
you can see that the de gain falls by a factor of 2 when 
a load of 1 kO is applied. Well, if you have an op amp 
with an output impedance of 1 kQ, its gain will fall 


by a factor of 2 when you apply a 1-kQ load. But if its 
output impedance were 50Q, as the spec sheet claimed, 
it would only fall 5%. So, whether it’s a computer 
model or a real amplifier, be suspicious of output im- 
pedances that are unrealistically low. 


Watch out for real trouble 


What real trouble can an op amp get you into without 
much help from the components? Well, you could have 
a part with a bad Vos. Or if the temperature is chang- 
ing, the thermocouples of the op amp’s Kovar leads 
may cause small voltages differences between the op- 
amp leads and the copper of the pc board. Such differ- 
ences can amount to ‘Ao or '40 of a Celsius degree times 
35 wV per degree, which equals 2 to 3 pV. A good 
way to avoid this problem is to put a little box over 
the amplifier to keep breezes and sunshine off the part. 
That’s very helpful unless it’s a high-power op amp. 
Then just repeat after me, “Heat is the enemy of preci- 
sion,” because it is. 

You should remember, too, that not all op amps of 
any one type have the exact same output-voltage swing 
or current drive or frequency response. I get phone 
calls every four or five weeks from customers who 
complain, “We have a new batch of your op amps, and 
they don’t have as good an output swing (or output 


Fig 3—You can easily modify the basic inverter (a) and integrator (c) to decouple capacitive loads (b and d). 
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current or frequency response) as the previous 
batches.” When I check it out, 98% of the time I find 
that a part with extremely good performance is just a 
random variation. The customer was in the habit of 
expecting the parts to be better than average. When 
they got some parts that were still much better than 
the guaranteed spec but worse than average or “typi- 
cal,” they found themselves in trouble. It’s always pain- 
ful to have to tell your friends that you love them 
when they trust you, but they really shouldn’t trust 
your parts to always be better than average. 


Oscillations often accompany op amps 


One of the most troublesome problems you can have 
with op amps is oscillation. You can build an oscillator 
out of any gain block, but any gain block can also 
oscillate when you don’t want it to. Op amps are no 
exception. Fortunately, most op amps these days are 
well behaved, and you only need to take four basic 
precautions to avoid oscillations. 

First, always use power-supply bypass capacitors 
on each supply and install them near the op amp. For 
high-frequency op amps, the bypass capacitors should 
be very close to the device for best results. In high- 
frequency designs, you often need ceramic and tanta- 
lum bypass capacitors. Using bypass capacitors isn’t 
just a rule of thumb, but a matter of good engineering 
and optimization. 


Capacitive loads induce ringing 


Second, avoid unnecessary capacitive loads; they can 
cause an op amp to develop additional phase shift, 
which causes the op amp to ring or oscillate. These 
effects are especially noticeable when you connect a 
1x scope probe or add a coaxial cable or other shielded 
wire to an op amp to convey its output to another 
circuit. Such connections can add a lot of capacitance 
to the output. Unless you’re able to prove that the op 
amp will be stable driving that load, you’d better add 
some stabilizing circuits. It doesn’t take a lot of work 
to BANG the op amp with a square wave or a pulse 
and see if its output rings badly or not. You should 
check the op amp’s response with both positive and 
negative output voltages because many op amps with 
pnp-follower outputs are less stable when Voyr7 is nega- 
tive or the output is sinking current. 

I’ve seen pages of analysis that claim to predict ca- 
pacitive-loading effects, but they’re a complete waste 
of time. The output impedance of an op amp is usually 
not purely resistive. And if the impedance is low at 
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audio frequencies, it often starts to rise inductively at 
high frequencies, just when you need it low. Con- 
versely, some op amps have a capacitive output charac- 
teristic, so when you add more capacitance on the out- 
put, the op amp just slows down a little and doesn’t 
change its phase very much. But if an op amp is driving 
a remote, low-resistive load that has the same imped- 
ance as the cable, the terminated cable will be resistive 
at all frequencies and capacitive loading won’t be a 
problem. 

You can decouple an inverter’s and integrator’s ca- 
pacitive load as shown in Fig 3. If you choose the 
components well, any op amp can drive any capacitive 
load from 100 pF to 100 pF’. The de and low-frequency 
gain is perfectly controlled, but when the load capacitor 
gets big, the op amp will slow down and eventually 
have trouble slewing the heavy load. Good starting- 
point component values are R,=470, and Cp=100 pF. 
These values usually work well for capacitive loads 
from 100 pF to 20,000 pF. If you have to make an 
integrator or a follower, you’ll need an additional 4.7- 
k© resistor as indicated in Fig 3. 

In some cases, as with an LM110 voltage follower, 


NOISE GAIN=n+1 


R 


NOISE GAIN=2+ > 


Fig 4—By adding just a single resistor, you can tailor the noise 
gain of a standard inverter. 
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Any gain block can oscillate, even when you 
dow t want it to—op amps are no exception. 


the feedback path from the output to the inverting 
input is internally connected and thus unavailable for 
tailoring. In this case, we can pull another trick out 
of our bag: the tailoring of noise gain. Noise gain is 
defined as 1/8, where B is the attenuation of an op 
amp’s feedback network. For instance, the B of the 
standard inverter configuration (Fig 4a) equals Z,/ 
(Z,+Z.), so the noise gain equals N+1. You can raise 
the noise gain as shown in Fig 4b. 

If you’re using a low-noise-gain op-amp configura- 
tion, such as a unity-gain follower that has a noise gain 
of 1 (Fig 5a), it’s obvious that for stability the op amp 
can’t have appreciable phase shift out near its unity- 
gain frequency. If you can increase the noise gain to 
4 or 5, the requirement for low phase shift eases consid- 
erably. No, you don’t have to change the signal gain 
to 5. A noise gain of 5 or greater is easy to achieve 
(Fig 5b) while maintaining a gain of 1 for the signal. 
Even the unity-gain follower with a wire from the 
output to the inverting input can be saved, as illus- 
trated in Figs 5c and d. You'll find a more complete 
description of these circuits in Ref 1. I should also 
mention that these concepts were used by Glenn De- 
Michele in his EDN Design Idea for which he won the 
1988 Design Idea award (Ref 2). 

My third recommendation to prevent oscillation in 


NOISE GAIN=1 


NOISE GAIN=6 
SIGNAL GAIN=1 


general-purpose op amps is to add a feedback capacitor 
across R, unless you can show that this capacitor isn’t 
necessary. This capacitor’s function is to prevent phase 
lag in the feedback path. Of course there are excep- 
tions, such as the LF357 or LM349, which are stable 
at gains or noise gains greater than 10. Adding a feed- 
back capacitor across the feedback paths of these op 
amps would be exactly the wrong thing to do. 

Recently I observed that a number of National Semi- 
conductor op-amp data sheets were advising feedback 
capacitor values of 


sees CinRin 

Cr ie 

But, if you had an ordinary op amp whose Cyy was 5 
pF and an inverter with a gain of —0.1, this equation 
would tell you to use a Cy of 50 pF and accept a 
frequency response of 3 kHz. That would be absurd. 
If you actually build this circuit, you'll find that it 
works well with C;=1.5 pF, which gives the inverter 
a bandwidth of 100 kHz. So, we at NSC have just 
agreed to deep six that equation. We have a couple 
new formulas, which we’ve checked carefully, and we 
have found that you can get considerably improved 
bandwidth and excellent stability. For high values of 


NOISE GAIN=6 
SIGNAL GAIN=1 


DC NOISE GAIN=1 
AC NOISE GAIN=6 __ 
SIGNAL GAINst 


Fig 5—By manipulating the noise gain of an amplifier, you can stabilize unity-gain followers while maintaining the desired closed-loop 


gain. 


136 


EDN September 1, 1989 


gain and Rp, use the following equation: 


Cin 
\ GBW x R; 


where GBW is the gain-bandwidth product. In those 
cases in which the gain or impedance is low, such as 
where 


Cr= 


(1 + R,/Riy) = 2VGBW x Rex Cy; 
use the following equation: 


Cc “be Cin 

Sok 2 Pe Rin 

I won’t bore you with the math, but these equations 
did come from real analytical approaches that have 
been around for 20 years—I championed them back 
at Philbrick Researches. The value of Cy that you com- 
pute is not that critical, it’s just a starting point. You 
really must build and trim and test the circuit for over- 
shoot, ringing, and freedom from oscillation. If the 
equation said 1 pF and you get a clean response only 
with 10 pF, you’d be suspicious of the formula. Note 
that when you go from a breadboard to a pe board, 
the stray capacitances can change, so you must recheck 
the value of Cy. In some cases, you may not need a 
separate capacitor if you build 0.5 pF into the board. 

My last recommendation is that when you think the 
circuit is okay—that is, free from oscillation—test it 
anyway per Pease’s Principle (see box) to make sure 
it’s as fast or stable as you expect. Be sure that your 
circuit isn’t ringing or oscillating at any expected oper- 
ating condition or load or bias. 

In addition to oscillatory behavior, another problem 
you might have when using op amps is noise. Most op 
amps have fairly predictable noise. It’s often right 
down at theoretical levels, especially at audio frequen- 
cies. There’s a pretty good treatment of noise and its 
effects in various applications in Thomas Frederiksen’s 
book (Ref 3). Also, if you want to optimize the noise 
for any given source resistance or impedance, National 
Semiconductor’s Linear Applications Note AN222 (Ref 
4) has some good advice as does the article in Ref 5. 

You'll have difficulty with noise when it’s unpredict- 
able or when op amps of a particular type have varying 
noise characteristics. This problem rarely happens at 
audio frequencies but is likely to happen sporadically 
at low frequencies, such as 10 or 100 Hz or even lower 
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Photographs by Peggi Willis 


External components determine an op amp’s operation, and you 
can often keep a circuit out of trouble only by using components 
with characteristics that aren’t found in books or data sheets. 


frequencies. Every manufacturer of transistors and 
amplifiers tries to keep the noise low, but occasionally 
some noisy parts are built. Sometimes the manufac- 
turer is able to add tests that screen out the noisy 
parts. But these tests aren’t cheap if they take even 
one second of tester time, which may cost three cents 
or more. 


Beware of popcorn noise 


Flicker noise, also known as 1/f noise, is ac noise 
that exists at low frequencies. And even more insidious 
than 1/f noise is popcorn noise—a type of electrical 
noise in which bursts of square steps are added to the 
normal thermal noise at random times. Popcorn noise 
occurs rarely these days; but, unfortunately, it’s not 
at 0%, not even with the cleanest processing and the 
best manufacturers. I’ve been chastised and told that 
some of my amplifiers are noisy compared with those 
of certain competitors. But when I look at the competi- 
tor’s data and plots, I see 1/f and popcorn noise lurking 
unnoticed in a corner. On high-performance parts, we 
try to screen out the noisy ones. But when a few parts 
have a spacing of two to 10 seconds between bursts 
of popcorn, it’s not cost effective to look for those parts. 
Only a small percentage of our customers would want 
to reject that part AND pay for the testing. Remem- 
ber, 10 seconds of testing time equals 30 cents; time 
equals money. 

Although oscillation and noise problems may be the 
most common ones you'll encounter when you use op 
amps, there’s a host of other characteristics that are 
helpful to look out for. These characteristics include 
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To avoid oscillations, use bypass and feed- 
back capacitors, avoid or compensate for 
heavy capacitive loads, and apply Pease’s 
Principle. 


overload or short-circuit recovery, settling time, and 
thermal response. Many op amps have a fairly prompt 
recovery from overdrive when you make the output 
go into the stops—that is, when you force the output 
too close to the power-supply rails. For most op amps, 
this recovery characteristic is not defined or specified. 
One recently advertised op amp requires only 12 nsec 
to come out of the stops. Just about all other op amps 
are slower to one degree or another. The recovery 
time for chopper-stabilized amplifiers can be seconds. 
Even if you have a fast op amp that doesn’t have a 
delay coming out of limit, there may be circuits, such 
as integrators, that take a long time to recover if you 
overdrive the output and inputs. To avoid these cases, 
a feedback bound made of zeners and other diodes may 
be helpful (Ref 6). However, if you have a differential 
amplifier, you may not be able to use any zener diode 
feedback limiters. I recall the time I designed a detec- 
tor circuit using a fast, dielectrically isolated op amp. 
When I went to put it into production, nothing worked 
right. It turned out that the manufacturer had just 
recently redesigned the chip to cut the die size by 


Pease’s Princip] . 


For many years, Pee bee: ) cau 
tioning people: If you have a 
regulator or an amplifier ea 
and it oscillates, DO NOT just 
add resistors or capacitors until | 
the oscillation one If you a 


you a great deal of misery. 
Instead, when you think you 
have designed and installed a 
good fix for the oscillation, BA 
on the output with square ws 
of various amplitudes, freq 
cies, and amounts o 
One of the easiest 
form this test is to connect 
square-wave generator ve your 
circuit through a couple hundred 
ohms in series with a 0.2-yF ce- 
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50%. The new and improved layout slowed down the 
Oop amp’s overdrive-recovery time. I wound up rede- 
signing the circuit to use an LM709. I saved a lot of 
pennies in the long run, but the need to change parts 
didn’t make me very happy at the time. 


Rely only on guaranteed specs 


Don’t rely on characteristics that aren’t specified or 
guaranteed by the manufacturer. It’s perfectly possible 
for you to test a set of samples and find that they 
feature some desired performance characteristic that 
is not specified by the manufacturer. But if the next 
batch doesn’t fulfill your requirements, whom are you 
going to get angry at? Don’t get mad at me, because 
I’m warning you now. Any unspecified conditions may 
cause a test result to vary considerably compared to 
a guaranteed tested specification. If you have to work 
in an unspecified range, you should keep a store of 
tested good ICs in a safe as insurance. If a new batch 
comes in and tests “bad” you'll have some backup de- 
vices. 

I recall a complaint from a user of LM3046 transistor 
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To get the most out of the time you spend 
troubleshooting, thoroughly understand a 
problem before squashing tt and moving on 
to the next. 


arrays: A fraction of the parts failed to log accurately 
over a wide range. The “bad” ones turned out to have 
a beta of 20 at a collector current of 50 pA, versus a 
beta of 100 for the “good” ones. I convinced the user 
that keeping a few hundred of these inexpensive parts 
in a safe (yes, literally) would be a lot cheaper than 
getting the manufacturer to sort out high-B devices. 

Op amps and other linear ICs can also have errors 
due to thermal tails. These tails occur when the change 
of heat in one output transistor causes a thermal gradi- 
ent to sweep across the chip. This change occurs gradu- 
ally, often over milliseconds, and causes uneven heat- 
ing of input transistors or other sensitive circuits. 
Many high-power circuits and precision circuits, such 
as the LM137, are tested these days for thermally 
caused error. These tests aren’t performed just on 
power ICs, but also on precision references and instru- 
ment-grade op amps. In fact, a recent article by a 
Tektronix engineer (Ref 8) points out that thermal 
tails can be a major source of error in fast signal ampli- 
fiers and that innovative circuit design can minimize 
those overdrive-recovery errors. 

These days, just about every manufacturer’s mono- 
lithic op amps will survive a short from the output to 
ground. (Hybrids are often unprotected.) But it’s not 
always clear whether an op amp will survive a short 
circuit to the positive or negative supply or, if so, for 
how long. You may have to ask the manufacturer, and 
you can expect some kind of negative answer. You'll 
be told to avoid overheating the device above its abso- 
lute maximum junction temperature. Even if an ampli- 
fier or regulator does recover fairly quickly from cur- 
rent limit, nobody will guarantee that it won’t oscillate 
when in current limit. Nor will the manufacturer have 
much knowledge about how the circuit recovers from 
the thermal gradients caused by current limit. If an 
op amp survives a high-power overload, it’s not fair 
to ask the device to recover its full accuracy very 
quickly. The most you really can ask for is that it 
survives with no degradation of reliability—that’s the 
standard. | 

Some op amps, but mostly voltage regulators and 
other linear ICs, have an on-chip temperature limiter. 
Thermal shutdown circuits can improve reliability. If 
a heavy overload is applied for a long time, or there 
is no heat sink, or the ambient is just too hot, these 
circuits detect when the chip’s temperature exceeds 
150°C and then turn off the output. The thermal-limiter 
circuit in the LM117 and other early power ICs just 
decreased the output current to a safe de value to hold 


140 


When you’re trying to troubleshoot a one-of-a-kind circuit, it helps 
uf you can remember how the circuit is supposed to operate. A little 
bit of documentation and a schematic with some scribbled notes can 
save you a lot of grief. 


the die temperature to around 160°C. In other cases, 
these thermal limiters oscillate On and Off with a duty 
cycle that ensures the 160°C chip temperature. As we 
at NSC were about to design the LM137, we looked 
back and decided the latter characteristic was prefer- 
able, so we designed about five degrees of thermal 
hysteresis into the thermal-limit circuit. That way, the 
circuit makes a strong attempt to restart its heavy 
load with a repetition rate of about 100 Hz. 

So, we actually designed an oscillation into this ther- 
mal-limit circuit, but we never bothered to mention it 
on the data sheet. H’mmm, we shouldn’t be so sloppy. 
I apologize. [Pll do better next time. (This situation 
has a bearing on one of my pet peeves: bad data sheets. 
I get really cross about bad ones, and I really do try 
hard and work hard to make good ones. Refer to “How 
to Read a Data Sheet” (Ref 9) because bad data sheets 
can get the user into trouble.) 


Different methods uncover different errors 


Now that you know some op-amp problems to look 
out for, how do you actually troubleshoot an op-amp 
circuit? I usually split my plan along two lines: ac and 
de problems. Examples of ac problems include oscilla- 
tions and ringing; de problems include bad errors and 
pegged outputs, which are outputs stuck at either the 
positive or negative supply rail. Obviously, you need 
a scope to be sure the circuit isn’t oscillating. It always 
makes me nervous when I find out that the customer 
I’m trying to help DOESN’T EVEN HAVE A SCOPE. 
I can understand if an engineer only has a crummy 
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If your design requires op amps that perform 
better than the guaranteed specs, keep a 
supply of “good parts’ in a safe place for 
insurance. 


scope, but there are certain problems you cannot ex- 
pect to solve—nor can you even verify a design—if 
you don’t have a scope. 

If the problem is an ac problem, I first make sure 
that the input signals are well behaved and at the 
values I expect them to be. Then I put my scope probes 
on all the pins and nodes of the circuit. Sometimes it’s 
appropriate to use a 10x probe, and other times I shift 
to 1x mode. Sometimes I ac couple the scope; some- 
times I de couple it. I check all the pins, especially the 
power-supply pins. Then—depending on what clues I 
see—I poke around and gather symptoms by adding 
capacitors or RC boxes to assorted circuit nodes. I try 
to use two probes to see if the input and output have 
an interesting phase relationship, and I simultaneously 
verify that the output is still oscillating. 

Many of the techniques I use depend on whether the 
circuit is one I’ve never tried before or one that I see 
all the time. Sometimes I find an unbelievable situ- 
ation, and I make sure that I understand what’s going 
on before I just squash the problem and proceed to 
the next. After all, if I’m fooling myself, I really ought 
to find out how or why so I won't do it again. 

If the op amp exhibits a dc error or a peg, I first 
check with my scope to see that there’s no oscillation. 
Then I bring in my 5-digit DVM and scribble down a 
voltage map on a copy of the schematic. On the first 
pass, I’m likely to just keep the numbers in my head 
to see if I can do a quick diagnosis of a problem that’s 
obvious. Failing that, I start writing meticulous notes 
to help look for a more insidious problem. I look at the 
numbers on the schematic and try to guess the prob- 
lem. What failure could cause that set of errors? A 
resistor of the wrong value? A short? An open? Then 
I try to cook up a test to confirm my theory. Sometimes 
I have to disconnect things, but I try to minimize that. 
Sometimes adding a resistor or voltage or current will 
yield the same result, and it’s much easier than discon- 
necting components. 

If an amplifier circuit isn’t running at all, sometimes 
the right thing to do is to reach into the circuit and 
“srab” one amplifier’s input and force it to go above 
and below the other input. If the output doesn’t re- 
spond at all, you have a dead amplifier, an amplifier 
with no connections, or a stuck output. This open-loop 
test is not obvious, but its results are. 

Many of these op-amp troubleshooting tips are appli- 
cable to other components as well. The next article in 
this troubleshooting series will continue with buffers, 
comparators, and related devices. EDN 
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Number 26 in a series from Linear Technology Corporation 


Auto-Zeroing A/D Offset Voltage 


Guy Hoover 
William Rempfer 


Introduction 


Many A/D converters exhibit low offset errors with large full 


scale voltages. However, when the full scale voltage is de- 


creased the Vos, expressed in LSBs, increases. An A/D con- 
verter with 0.5 LSB of offset with a 5V full scale voltage can 
have 12.5 LSBs of offset with a 200mV full scale voltage. With 
the LTC1090 family of data acquisition systems and a few ex- 
ternal components it is now possible to reduce the Vos to 
only 0.25 LSB even with only a 200mV full scale voltage. This 
allows a user to digitize signals from low voltage transducers 
without the need for a gain stage. 


LTC1090 


SEVEN 
INPUTS 
Vos <50pV 


September 1989 


Circuit Description 


The LTC 1090 is a 10-bit data acquisition system with an eight 
channel multiplexer. The channel to be read is software se- 
lectable and all channels can be referred to the COM pin. In 
the circuit of Figure 1, CHO is used to servo the COM pin giv- 
ing the user a seven channel, offset corrected data acquisi- 
tion system. 


Figure 2 shows how the processor servos the COM pin to 


eliminate the A/D offset. CHO is set to a 0.5 LSB voltage. The 
COM pin is servoed (by the pulse width modulated signal on 


MC68HCO05 


Figure 1. Circuit Provides Seven Channel 10-Bit Data Acquisition System with Less than 50,V of Offset 


port C2) so that the CHO reading dithers between 0 and 1 LSB. 
The 100uF filters the PWM signal at the COM pin. Motorola 
MC68HC05 code is available from LTC to correct the LTC 1090 
offset and read the remaining seven channels. This algorithm 


INITIALIZE 
PROCESSOR 
CS=1 
STORE Djy WORDS 


DUMMY READ 
CHO WILL BE 
READ NEXT TIME 


READ CHO 
CHX WILL BE 
READ NEXT TIME 


CLEAR C2 


SET C2 


READ CHX 
CHO WILL BE 
READ NEXT TIME 


STORE OR 
MANIPULATE 
DATA AS REQUIRED 


Figure 2. Auto-Zero Flowchart 


will work in either unipolar or bipolar mode. (Unipolar is 
shown. For bipolar the 49.90 resistor is changed to 1000 and 
the decision block is changed to “CHO <0?”’) 


After initializing the processor, the code sends a Din word to 
the LTC 1090 requesting CHO to be read with respect to COM. 
The next Diy word that is sent will set up the A/D for the de- 
sired channel to be read while the CHO data previously re- 
quested is shifted into the processor. If the CHO Dour is 0 
then C2 is cleared. If the CHO Doyt is greater than 0 then C2 
is set. Another Diy word requesting CHO data is sent and the 
Dour data from the previously requested channel is read into 
the processor. 


As can be seen from the LTC1090 data sheet the linearity 
and full scale errors with a 200mV full scale voltage are stil 
within 0.5 LSB. To fully take advantage of the reduced offset 
of the auto-zero circuit the noise of the LTC1090 must be re- 
duced. This can be done by averaging the data with the 
processor. Figure 3 shows a dynamic cross plot of the output 
data near half-scale after 64 averages. The top trace is the B9 
transition of the LTC1090 while the bottom trace is a binary 
weighted summation of BO and B1. The horizontal scale is 
1 LSB per major division. The averaged noise is much less 
than 1 LSB. 


BO+2B1 


1 LSB/DIV —> 
(200nV/DIV) 


Figure 3. Dynamic Cross Plot Shows Excellent LTC1090 Performance 
with Only 200mV Full Scale 


For literature on our complete A/D line, call (800) 
637-5545. For applications help, call (408) 432-1900, 
Ext. 445. 


Linear Technology Corporation 
1630 McCarthy Blvd., Milpitas, CA 95035-7487 © (408) 432-1900 
FAX: (408) 434-0507 © TELEX: 499-3977 


IM/GP 889 165K 
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The High Performance 


Gigahertz Relay 


¢ RF switching through 4 GHz 
¢ Magnetic latching cuts power drain 


* Convenient Centigrid® package 


¢ Military and commercial versions 


The TO-5 family of relays 
were always good in RF switching 
applications. We didn’t plan it that 
way. It just happened. Low inter- 
contact capacitance. Low inser- 
tion loss. Up through 500 MHz. 
No problem. 

But then you wanted to go 
even higher. You wanted gigahertz 
performance. And not just 1 GHz, 
but 3 or 4. That took some serious 
doing. But our combination of 


ACTUAL SIZE 


experience and innovation was 
equal to the task. We married our 
two decades of TO-5 technology 
with some new techniques we 
developed to enhance the RF 
characteristics. The result? We 
were able td extend the relay’s 
performance from the MHz range 


to the GHz range. And handle RF 


switching functions all the way up 
to 4 GHz. With intercontact isola- 


tion even higher and insertion loss 
even lower than in the MHz range. 
The high performance 

gigahertz Centigrid relay. It will 
handle your toughest RF switch- 
ing assignments, especially when 
power drain is critical. Call or 
write today for complete details. 


TELEDYNE RELAYS 


Taneeanods In Switching Technology 


Teledyne Relays, 12525 Daphne Ave., Hawthorne, California 90250 ¢ (213) 777-0077/European Headquarters: W. Germany: Abraham Lincoln 
Strasse 38-42, 6200 Wiesbaden/Belgium: 181 Chaussee de la Hulpe, 1170 Brussels/U.K.: The Harlequin Centre, Southall Lane, Southall, Middlesex, 
UB2 5NH/ Japan: Taikoh No. 3 Building, 2-10-7 Shibuya, Shibuya-Ku, Tokyo 150/France: 85-87 Rue Anatole-France, 92300 Levallois-Perret. 
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—IN-CIRCUIT 


=) EMULATION 
for 140 devices 


Now 42 versions in the 8051 Family! 


soci sosza Start with dual level debugging, C- 
wa Se source and assembly. Add a 4K deep 
trace, powerful performance analyzer; 
breakpoints for simple address, condi- 
tional, delayed, ranging, and X before Y 
before Z; plus logic probes, other attri- 
butes, other options, and you have EZ- 
Pro’, the most versatile microprocessor 
development system in the world. 


IBM® XT, AT, PS/2, Sun Microsystems 


anstics Microprcesser Da 


EZ-PRO Supports: 1802/05/05AC/06 .. . 641 B0RO/R1/Z _ 


; V1/01X0/63701V0/63701Y . 
6303R/03V1/03X/03Y/03Y0 .. . 6309/09E . . . 6502/C02/03/04/05/06/07/10/12/13/14/15 and Macintosh host EZ-Pro development 
6800/02/08 ... 6801/01U4/68701/68701U4/03/03U4 ... 68HCO5C4/C8/D2/P1 ... 6805 ASIC t 
1468HCO5E2/E3 ... 6809/B09/09E ... 68HC11A0/A1/A8/E1/E2/E9 . .. 68000/68008/68010 systems. 
8035/39/C39/40/48/8748/49/8749/C49/50 . . . 8051/51AH/C51/C51BH/C51FA (80C252) 
8751/51H/51BH/CS51 ...8052/52AH/C52/52BH/C52T2...87C52/52BH...8031/31AH/C31/C31BH A : ° : 
8032/32AH/C32/32BH/C32T2... 80C154/83C154/85C154... 8344/44AH ... 8053AH/8753H EZ-Pro will handle your project, or re 
80515/535.... 80C152JA/C152UB .... 80C321... 800451... 80C552.... 80C325... 80C452 . “UL: . 
8085/8085AH-2/80C85 ... 8086/80C86 ... 8088/80C88 ... 8096/97/8396/8397/8098/80C196 turn it within 10 day Ss under our zero risk 


80186/80C186 ... 80188/80C188 ... 8X300/305 ... NSC800... V20/V30 ... Z80A/Z80B/Z80H 


aT cee ee, ae ee sea rai: Suitability Warranty. 


You may take advantage of the EZ-Pro 
equity rental plan or make a standard 
purchase. Either way, we are ready to 
ship most systems. Call for ETA! 


Your call will expedite prices and specifi- 
cations. Or write: Customer Service, 2651 
Dow Avenue, Tustin, CA 92680-7207. 


_ The enclosed software is 
and conditions of use, refe 


SYM- 
BOLIC 
COUPON 


Instant Information: 
Please expedite EZ-Demo 
disk--Interactive. Tutorial. 


Plus... 
[ ] Specifications ] Prices 


(714) 731-1661 
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LAN american automation 


EZ-Pro is a trademark of American Automation Inc. |BM & PS/2 are registered 
trademarks of International Business Machines Corporation. XT & AT are 
trademarks of International Business Machines Corporation. Macintosh isa 
registered trademark of Apple Computer, Inc. Sun Microsystems is a trade- 
mark of Sun Microsystems, Inc. 


DESIGN IDEAS 


EDITED BY CHARLES H SMALL 


Intermittent converter saves power 


Paul D Gracie 
The Microdocters Inc, Palo Alto, CA 


The circuit in Fig 1 switches its de/de converter, IC,, 
off whenever the large filter capacitor, C,, has suffi- 
cient charge to power the load. This scheme, which 
proves especially useful for battery-powered systems, 
saves power because virtually all de/de converters have 
poor efficiency at low and zero output-power levels. 

This particular circuit uses a de/de converter that 
produces 115V dc from a 9V-de input; you can tailor 
the circuit to suit other converters. The heart of the 
circuit is a 555 timer configured as a dual-limit com- 
parator. An input of less than ’4 Vcc to pin 2 of the 
555 turns the output, pin 3, on; an input of more than 
“4 Vcc to pin 6 turns the output off. Thus, the 555 turns 
the converter on or off, depending on the voltage across 
C,. The 555’s complementary output lights the charge 
LED when the FET is on. 

Initially, the voltage on Cg, is zero, and the 555’s 
output turns on the FET, Q,. Q,, in turn, enables the 
converter to run, which charges up Cs. When the volt- 
age on the capacitor reaches the value set by Rs, the 
555 turns off the converter. Then C, slowly discharges 
into the combined load of the voltage divider (Rg, Rs, 


115 VDC 


f 


and R,) and the reverse-biased blocking diode, D. 

When the voltage falls below ’4 Voc, the 555 restarts 
the de/de converter. If this circuit powers a load that 
periodically goes into a zero-power, shut-down mode, 
the 555 switches the de/de converter on full time when- © 
ever the load kicks in. 

The 78L05 voltage regulator stablizes the 555’s inter- 
nal resistive divider in the face of varying battery volt- 
ages. The regulator also enables the circuit to detect 
low battery voltage. When the supply voltage falls 
below 7.5V, the output of the converter is no longer 
high enough to charge the capacitor to the upper set 
point; hence, the charge LED no longer lights. 

The circuit uses 205 mA when the converter is on 
and 10 mA when the converter is off. The duty cycle 
comprises a 5-sec on period and a 150-sec off period 
and represents a 92% power reduction. You can further 
reduce power consumption by removing the charge 
LED and using a CMOS 555 and a CMOS 78L05 reg- 
ulator. EDN 
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D, 
IN4005 


Ry 
10k, 0.5W 


100V + 5% 
A 


Fig 1—Employing a 555 timer acting as a dual-limit comparator, this circuit reduces low- and no-load power consumption by switching 


off the dc/dc converter when the filter capacitor 1s charged up. 
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Temperature controller has defrost cycle 


Xiang-yang Zhou and Tung Jing 
Hefei Polytechnic University, 
Heifei, People’s Republic of China 


The temperature controller in Fig 1 works over a tem- 
perature range of —50 to + 150°C and permits defrost- 
ing. Potentiometers R,, VRs, and Rg set the controller’s 
normal-cycle trip point, and R; and Rg set the normal- 
cycle hysteresis range (Fig 2). Switch 8, initiates de- 
frosting, switch 8, cancels defrosting, and potentiome- 
ters VR, and VR, set the defrost-temperature trip 
point. 

The LM134, IC,, is a thermal sensor. One section 
of IC;, a quad op amp, buffers the sensor’s output. 
The other sections function as a Schmitt trigger and 
buffer for the normal-cycle circuitry and as a compara- 
tor for the defrost-cycle circuitry. If you wish to control 
a heater rather than a refrigerator, omit the final in- 
verter in Q,’s base circuit. You must select LM7805s 


74L500 
PIN 14 


Ryu 100 


that have outputs between 4.95 and 5.05V, or the cir- 
cuit may not work. =IDIN 
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Fig 2—Resistors R; and R, determine the temperature controller’s 
normal-cycle hysteresis range. 


JQX-14F 
5A, 220V 


220V 
OR 110V 


100 pF, 3 kV 


Di—De 
IN4001x4 


220V 
OR 110V 


NOTE: D,, D2, AND D3 =1N4148; IC3 =LM324; IC, =74LS00; EB, =1A/50V; Q; =C59013; TR, >3W. 


Fig 1—This temperature controller provides a defrost cycle. 
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nay SPDT SWITCHES 


ABSORPTIVE... REFLECTIVE 


dc 0 46GHz from 932 


Tough enough to pass stringent MIL-STD-883 tests, useable 
from dc to 6GHz and smaller than most RF switches, Mini-Circuits’ 

hermetically-sealed (reflective) KSW-2-46 and (absorptive) 
KSWA-2-46 offer a new, unexplored horizon of applications. Unlike 
pin diode switches that become ineffective below 1MHz, these GaAs 
switches can operate down to dc with control voltage as low as -SV, 
at a blinding 2ns switching speed. 


Despite its extremely tiny size, only 0.185 by 0.185 by 0.06 in., these 
switches provide 50dB isolation (considerably higher than many larger 
units) and insertion loss of only 1dB. The absorptive model KSWA-2-46 

exhibits a typical VSWR of 1.5 in its “OFF” state over the entire frequency 
range. These surface-mount units can be soldered to pc boards using 
conventional assembly techniques. The KSW-2-46, priced at only $32.95, 
and the KSWA-2-46, at $48.95, are the latest examples of components 
from Mini-Circuits with unbeatable price/ performance. 


Connector versions, packaged in a 1.25 x 1.25 x 0.75 in. metal case, 
contain five SMA connectors, including one at each control port to 
maintain 3ns switching speed. 

Switch fast... to Mini-Circuits’ GaAs switches. 


SPECIFICATIONS 


Pin Model, KSW-2-46 KSWA-2-46 
Connector Version ZFSW-2-46 ZFSWA-2-46 
FREQ. RANGE dc-4.6 GHz dc-4.6 GHz 
INSERT. LOSS (db) typo max typo max 
dc-200MHz C2. aA 0:8 784 
200-1000MHz 1043 0.9: 243 
1-4.6GHz be ROS Sd ee oO 
ISOLATION (dB) typ min typ min 
dc-200MHz 60 50 60 50 
200-1000MHz 45 40 50 40 
1-4.6GHz 30 23 30 ras 


kL vswr (typ) ON 1.31 13 
OFF — 1.4 
SW. SPEED (nsec) 
rise or fall time 2(typ) 3(typ) 
MAX RF INPUT 
(bBm) 
find up to SOOMHz +17 +17 
INGING bi mies nee above 500MHz +27 +27 
ace eae auger . ‘ CONTROL VOLT. —-8V on, OVoff — -8V on, OV off 
Mini Circuits OPER/STOR TEMP. -55° to +125°C_ —--55° to +125°C 
= PRICE (10-24) $32.95 $48.95 
A Division of Scientific Components Corporation 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 aor +1825 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 e hens 
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Test finds zero- TC current of zener diodes 


Irwin Cohen 
Hewlett-Packard, Rockaway, NJ 


The data sheets of reference zener diodes such as the 
1N825 specify a value of current at which the zener 
has a zero temperature coefficient. This stated current 
is an average value and is not generally the actual 
zero-TC current of the zener. By using the simple setup 
shown in Fig 1, you can determine the actual zero-TC 
current of a specific zener diode in less than 60 seconds. 
In order to determine the zero-TC current for a par- 
ticular zener diode, you must gather V-I data at two 
temperatures; the point at which the two curves inter- 
sect is the zero-TC point. 

To find the V-I characteristic at room temperature, 
the HP Basic program in Listing 1 causes the HP6625A 
programmable power supply to increase the diode’s 
current in 250-wA steps to as high as 15 mA. Using 
the precision readback capability of the HP6625A, the 
program measures and stores the resulting voltages. 

During the next 45 seconds, the program causes the 
supply to run 400 mW of power into the zener, which 
heats its junction to approximately 150°C. The exact 
temperature is not important; it simply must be some 


INFO 
CARDS 


Fig 1—This test setup enables you to find the value of current at 
which a zener diode exhibits zero temperature coefficient; a Basic 
program causes the supply to step the current and then measure the 
voltage drop across the zener. By comparing the V-I data generated 
at both room temperature and high temperature, the program finds 
the zero- or minimum-TC current. 


high junction temperature that doesn’t exceed the di- 
ode’s maximum junction temperature. At the end of 
this heating period, the program causes the HP6625A 
to repeat the previously described sequence of current 
tests. These data points represent the V-I characteris- 
tic of the heated junction. 

At this point, the program prints out both sets of 


THE 
Pe 


SOLUTION 


to your marketing budget blues — 
the EDN Info Card Pack. At Ti2¢ 


per name, the EDN Info Card Pack 
can reach over 123,000 engineering 
specifiers affordably. 


Call Donna Pono at (617) 558-4282 for details. 


Magazine 
Edition 
News 
Edition 


N 


A Partnership in Power and Prestige Worldwide 
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The next standard. 
A new generation of high performance SCCs. 


Zilog’s universal serial communication controller, the More speed. 


USC (Z16C30"), provides higher throughput than any gen- The USC is four times faster than any general purpose 
eral purpose SCC. And it does it while reducing the CPU SCC. You get guaranteed data rates of 10 Mbits/sec. But speed 
workload 60%. ' is not the only USC advantage. 

More CPU power. 


The USC requires less attention from the system CPU. 
That means more power for the system. The USC’s lower 
overhead is due to easy initialization, auto-sequencing word 
transfers from deep FIFOs, fly-by DMA control, and reduced 
latency from an efficient, chained interrupt structure. 

More flexibility. 

You’ve got two completely independent channels, as well 
as multi-protocol capability. Because the USC has two BRGs 
per channel you can transmit and receive at two different bit 
rates. And the USC’s universal bus interface means you can 
cut the cost of GLU logic and expensive board real estate. 
More performance. 

CMOS and Superintegration™ bring more CPU power and 
higher data throughput. The USC carries a 12.5 MByte/sec bus 
bandwidth punch. Straight DMA connect and 32-byte FIFOs 
make the USC’s systems simple, elegant and fast. Very fast. 
More reliability. 

With the USC you get Zilog’s proven quality and 
reliability. Unique built-in testability features allow access to 
nodes and registers for testing program functionality in real 
time. Find out more about the USC or any of Zilog’s growing 
family of Superintegration products. Contact your local Zilog 
sales office or your authorized distributor today. Zilog, Inc., 
210 Hacienda Ave., Campbell, CA 95008, (408) 370-8000. 


- Right product. Right price. Right away. © ZilGG 


ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404)923-8500, IL (312) 517-8080, MA (617) 273-4222, MN (612) 831-7611, 
NJ (201) 288-3737, OH (216) 447-1480, PA (215) 653-0230, TX (214) 987-9987, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 39200, W. GERMANY Munich (49) (89) 612-6046, 
JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979, KOREA (82) (2) 552-5401, TAIWAN (886) (2) 741-3125, SINGAPORE 65-235 7155, DISTRIBUTORS: U.S. Anthem Electric, 
Bell Indus., Hall-Mark Elec., JAN Devices, Inc., Lionex Corp., Schweber Elec., Western Microtech. CANADA Future Elec., SEMAD, LATIN AMERICA Argentina—Yel.-(1) 46-2211, Brazil—Digibyte (011) 241- 
3611, Mexico—Semiconductores Profesionales (5) 536-1312. 
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V-vs-I data as well as the differences between the 
voltages recorded at each current level. The true zero 
TC is found at the point where the voltage difference 
is zero. In addition, both the V-I curves and the differ- 
ence between them are plotted as a function of the 
zener current. If the zener under test has no point of 
zero TC, the data indicates the point of minimum TC. 

If you need greater accuracy, you can alter the pro- 
gram to increment the current in steps as small as 1 


wA, which is the resolution of the HP6625A. Note 
that this modification will lengthen the amount of time 
necessary to complete the test. You can also use an 
external, HPIB-compatible DVM to measure the zener 


voltage, thus achieving a resolution greater than 500 
wA. 
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LISTING 1—TC TEST PROGRAM 


1Q@ ! 


THIS PROGRAM WILL PRINT THe POINTS OF THE V-I CHARACTERISTICS 


2@ ! GF A ZENER DIODE (<7) AP JUNCTION TEMPS. OF APPROX. 25 & 150 DCEG-C. 
oe 1115 ASSUMED (HAl fHE [ES! 135 RUN AT 2S CEG-C. 


THE OLFP. BEIWEEN THESE [WO CURVES WIL] ALSO BE PRINTED. 


4Q ! 

me ERO 7.0. ULCURS WHEN THE DIFF. BETWEEN CURVES [5 ZERO. 
5B@ ? HPIG ADDRESS OF HPG625A SUPPLY=/705. 

10-3 


82 DIM AC BQ) 
932 DIM B(6Q) 


| CURRENT Set [0 ZERO INITIALLY 
iCURREN! RANGE SET [0 .O1SA 


VOLTAGE SET [0 7 VOLIS-CONSI@N! CURRENT MODE 


.25ma. 


CURRENT RANGE SET 10 .54 FOR POWER MODE 


CURRENT RANGE SET 10 .@15A 


100 OUTPUT 705;"ISET 1,0" 
110 OUTPUT 705;"IRSET 1,.015" 

120 OUTPUT 705;"VRSET 1,7" !VOLTAGE RANGE SET TO 7 VOLTS 
13@ OUTPUT 705;"VSET 1,7" |! 

140. 

15@ | 6@ TEST POINTS TAKEN IN INCREMENTS OF 

i6@ FOR X=1 TO 60 

172 OUTPUT 705;"“ISET 1"3X/4000 

18@ OUTPUT 705;"VOUT? 1" 

192 ENTER 705;Vz 

200 A(X )=Vz 

210. NEXT x 

220 

230 | ZENER RUN AT 4@Q@mw DISIPATION FOR 45 SEC. 
240 OUTPUT 705;"IRSET 1,.5" | 

250 T=TIMEDATE 

26@ WHILE TIMEDATE-T<45 

270 Iz=.4/Vz 

280 OUTPUT 705;"ISET 1"s3Iz 

290 OUTPUT 705;"VOUT? 1" 

302 ENTER 705;Vz 

310 END WHILE 

426° 

33@ ‘AT END OF HEATING INTERVAL TEST POINTS REPEATED & STORED 
S40 -- OUTPUT 705;"IRSET 1,.815" |! 

350. FOR X=1 TO 6@ 

360 OUTPUT 705;"ISET 1"3X/4000 

370 OUTPUT 705;“VOUT? 1” 

382 ENTER 705;Vzz 

390 B(X )=Uzez 
400 NEXT X 

41Q@ OUTPUT 705;"ISET 1,0" !CURRENT SET TO ZERO 
420° 1 : 

43Q@  '!PRINT RESULTS 
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LISTING 1—TC TEST PROGRAM (continuea) 


440 PRINTER [5 70) 

450 | Iz is in amps, Vzc=cold Zener voltage ,Vzh=heated Zener voltage 
46@ | DELTA=Vzc—-Vih : 

47 PRIN] (lz. Vec’ Veh’ , Vze-Vzh’ . hx. Fa=.4W 

48@ FOR X=1 TO 6@ _. 


490 PRINT X/4@@@ A(X) ,B(X) ,ACX )-B(X) 
500 NEXT X 

510 | PLO] OF DELTA vs. CURRENT 

520 GINIT 

536 GCLEAR 

540 DEG 


550 GRAPHICS ON 

56@ LDIR @ 

570 WINDOW -1.5,10,-.@01,.@@1 ! -1.5-1@ma. (X% axis),-Imv to timv. (Yaxis? 
589 AXES .5,.00@1 | .Sma./div (X axis), .Imv./div (¥ axis) 
590 MOVE 6 ,-.0002 

Bad [ABEL .5ma./civ 

610 MOVE 6,.0005 

620 LABEL "Vzce-Vzh vs. Iz’ 

630 MOVE —-.5,.00015 

640 DEG 

650 LDIR 99 

66@ LABEL  .imv./div 

670 FOR X=1 TO 6@ 


68@ Y=A(X )-B(K ) 
69 PLOT X/4.7 
702 NEXT X 

712 DUMP GRAPHICS 
729 PENUP 


730 GCLEAR 
74Q LDIR @ 
75@ WINDOW -1.5.10,75.8,6.5 | Y axis window 5.8v [0 6.5v 


760 AXES .S,.1.0.5.9 | expanded Y axis starts at 5. 3v 
770 FOR X=1 T0 68 

18@ PLOT X/4 ACK) 

790 NEXT Xx 

800 PENUP 

810 FOR X=1 TO 6@ 

820 PLOT X/4 B(x) 

8350 NEX | X 


840 MOVE 5,5.85 

@50 LABEL ".5ma./div" 
860 LDIR 90 

870 MOVE -.5,6.2 

880 LABEL “.iv/div’ 
840 LDIR @ 

900: MOVE -1.5,5.9 

910 LABEL "5.9v" 

970 MOVE 7.6.2 

G30 LABEL “Uzc & Veh ve. 12° 
942 DUMP GRAPHICS 
95Q PRINTER IS CRT 
962 END 
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Design Entry Blank 


$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my Design Ideas entry. 


Name 

Title Phone 
Company 

Division (if any) 

Street 

City States Zip 
Design Title 


Home Address 


cia’ SOCUIY NUMbOF crane ie 
(Must accompany all Design Ideas submitted by US 
authors) 


Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EDN, must not be 
patented, and must have no patent pending. Design must 
be original with author(s), must not have been previously 
published (limited-distribution house organs excepted), and 
must have been constructed and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, | agree to abide by the rules of 
the Design Ideas Program. 


Signed 
Date 


ISSUE WINNER 
The winning Design Idea for the May 11, 1989, issue is 
entitled “Amplitude-locked loop speeds filter test}’ sub- 
mitted by Steven C Hageman of Calex Manufacturing 
Co Inc (Pleasant Hill, CA). 


Your vote determines this issue’s winner. All designs 
published win $100 cash. All issue winners receive an ad- 


ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate number 
on the reader inquiry card. 
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FEEDBACK AND AMPLIFICATION 


Idea risks copyright violation 


A recent Design Idea, “Single-chip ~P acquires Basic” 
(EDN, April 27, 1989, pg 221) by G Nagendra Rao, 
shows how to extract the object code from an Intel 
8052AH-BASIC single-chip wP, so that the code can 
be loaded into a CMOS PROM and run on a CMOS 
80C52. 

This idea is valid and interesting, but there are two 
points that should be mentioned. 

First, the code is probably copyrighted. I don’t claim 
to be a legal expert, but I doubt that Intel would 
approve of such duplication without a licensing agree- 
ment. 

Second, the 80C52-BASIC, a CMOS equivalent of 
the Intel device, is available from Micromint Inc, Ver- 
non, CT, for $14.50 (100). 

Carl Spearow, Senior Engineer 
Sundstrand Corp 

4747 Harrison Ave 

Rockford, IL 61125 


UNDER $400? 


EI" 


-** 
B- - i ee™ 
were ~ 


. 
out ey 
m7 


If you're involved in 
data communications, 
the PC Comscope can give you data line monitor 
capabilities at a fraction of the cost using your PC. 

Making use of pull down menu's and built-in help screens 
provides true operator simplicity. The combination 

of these features and price make this an extraordinary buy. 
You can view the bidirectional data and 

control signals of any RRS-232 link. 

The PC Comscope capabilities include: 

ASYNC; SYNC; HDLC; TIME STAMPING; 

SOPHISTICATED TRAPPING; STORE DATA ON DISK; 

ASCII; EBCDIC; IPARS.... Telebyte does it again! 


PC Comscope for under $400. 
TALK TO teles tt ye E. Pulaski Ra. Greenlawn, NY 11740 


(516) 423-3232 /385-8080 or 1-800-835-3298 
. FAX: (516)385-8 184 
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The Only 1 GS/sec 
Digital Oscilloscope With... 


= Simultaneous 4 channel m 2 Msample waveform storage 


digitizing: : 
= 1 GS/sec at 8 bits for transients @ FFT math, and averaging 


m 20 GS/sec at >10 bits repetitive m > 30 pulse parameters 
mg 50k samples per channel == Statistics 


m Logic, glitch, interval, & TV = PASS/FAIL decisions 


triggering 
LeCroy 7200 modularity lets you Eliminate oscilloscope obsolescence... 
choose 2 to 4 channels with 400 MHz ...with the 7200, you can add plug-ins 
bandwidth. Uniquely, the 7200 never as your needs change and as 
gives up sampling rate or waveform technology advances. 
memory as you increase the number 
of channels. 


Only LeCroy makes advanced 


analyses so easy! Automate voltage, 100 to 50,000 point FFTs! 
time, frequency, and even PASS/FAIL View both the waveform and the spectrum 
measurements. Qualify these at the same time. ? 


measurements with histograms 
and trend data. Store the 
waveforms and all calculated 
results on the built-in hard disk 
and floppy. 


Display up to 8 live, stored, or analyzed 
signals simultaneously. 


Call (800) 5 LECROY 


er (914) 425-2000 ext. 6038 
_ for literature or a demonstration. 
| __ LeCroy Corporation, 
700 Chestnut Ridge Road, 
Chestnut Ridge, NY 10977-6499 


LeCroy 


Innovators in Instrumentation 
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Easy loaders. 


Faster test and burn-in 
with AMP sockets. 


Faster delivery from AMP 
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Our LIF burn-in sockets for 
PLCCs, for instance. Rated to 
200°C, they offer J lead-down 
loading — and they can be used in 
automated processes. 

For PGA burn-in sockets, our 
ZIF styles feature normally- 
closed contacts for long life, and 
curved-handle design to make life 
easier. Use them for test and 
they’re rated to a phenomenal 


25,000 cycles. Loading and 


Broad range of 
inexpensive test 
sockets, and 
sockets for high- 
cycle and 150°C 
environments. 


unloading leadless ceramic 
packages is a breeze, too, thanks 
to a press-to-release cover on our 
Low Height test/burn-in versions: 
no tools necessary, no loose parts. 
No matter what technology 
you work with, AMP sockets can 
make your work easier. Popular 
styles are available off-the-shelf. 


AMP is a trademark of AMP Incorporated. 


And they all come with the 
name that spells affordable 
dependability: AMP. 

For technical information 
or product literature, call 
1-800-522-6752. 

AMP Incorporated, Harrisburg, 
PA 17105-3608. 
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AQAINMEF interconnecting ideas 


Press-to-release 
hinged cover on 
low height burn-in 
socket eliminates 
tools, eliminates 
loose parts. Low 
profile gets more 
on the board. 


Low-cost DIP 
sockets for burn-in 
and test applications 
feature fast and 
simple below- 
package sword slot 
unloading. 


The smallest full-featured 
defibrillator in the field. 


Defibrillators come in many sizes. But when paramedics 
rush them into the field, the smaller the better. This calls for 


batteries that do their job ina minimum of space, weight 
and time. Which is exactly what rechargeable batteries 
from Gates Energy Products do in the new Physio-Control 
LIFEPAK® 10 defibrillator/monitor—the smallest full- 
featured portable defibrillator in the world. | 

Gates does it with three custom-designed nickel- 
cadmium battery packs. They're lightweight, fast-charging 
and conveniently interchangeable with batteries in other 
Physio-Control units. 
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Gates batteries have helped power Physio-Control me: 
ical products for more than a decade. That’s because, at 
Gates, we believe in longterm relationships. So, whethe 
you're developing a new product or trying to improve a 
existing one, we can help you like nobody else. 

For starters, nobody else in the business can match ou! 
technical and applications engineering support. This 
means one-of-a-kind configurations in less time than you 
ever thought possible, as a result of our new CARRD com- 
puter design system. Customized packaging of any size, 
shape and color. And, as part of our Advanced Technology 
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The power 
that helped it get there. 


Qualification Program (ATQP™), advanced new product 
development to meet specific customer needs. 

Of course, service and support are just part of the story. 
In the end, it comes down to the cells themselves. And, at 
Gates, we offer a full line of standard and custom-designed 
rechargeable batteries—including not just nickel-cadmium 
but also sealed-lead and nickel-hydrogen. All of which 
offer you unsurpassed power delivery in a multitude of cell 
sizes. With batteries ranging from 0.065 amp-hours to 
awhopping 25. 

And you getall of this no matter where you happen to 
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be, because our assembly and packaging facilities are 
located throughout the world. And there’s equal support 
for smaller quantity needs, thanks to our strategically 
located Value-Added Centers. 

Great ideas deserve to become great products. And 
great products deserve to become even greater. Give us a 
chance to show you why we're the company idea people 
turn to most. Call us at 
1-800-627-1700. And 
experience the power LD Energy 

Yaa Products 
of your great idea. 


The power of great ideas.” 
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For the name of your nearest distributor in Europe, call 44-296-625462. Or contact Applied Microsystems Corporation Ltd., Chiltern Court, High Street, Wendover, 
Aylesbury, Bucks HP22 6EP, United Kingdom. In Japan, call 03-493-0770. Or contact Applied Microsystems Japan Ltd., Nihon Seimei, Nishi-Gotanda Building, 7-24-5 Nishi- 


Gotanda, Shinagawa-KU, Tokyo T141, Japan. AMC 240 
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INTRODUCING THE FIRST 33-60 MHz 
MICROPROCESSOR EMULATOR 
FOR THE 68020 AND 68030. 


Put your phone in front of you and get ready. 
Youre about to get in touch with the future of high 
speed microprocessor emulation. 

For quite some time Applied Microsystems has 
been designing a radical new concept in 32-bit develop- 
ment. Now it's ready. The EL 3200. 

Its capable of not only matching current speeds, 
but can efficiently expand to support faster speeds and 
advanced 32-bit microprocessors of the future. 

The news is not just speed, but how the EL 3200 
gets up to speed. 

It runs at full target clock speed—33 MHz for 
68020 and 68030. It fully supports 68030 cache burst 
and synchronous bus cycles. And, since it sits as a node 
right on the trunk of your Ethernet network, the 
EL 3200 can be accessed from any workstation. 

The EL 3200 offers your choice of source level or 
symbolic debugging. Whether you want to work in 
Assembly or C, we can provide the software tools for 
your exact needs. 

The sophisticated breakpoint system has hun- 
dreds of real-time access breakpoints, six real-time exe- 
cution breakpoints and unlimited software execution 
breakpoints. As an option, you can have up 2MB of no 
wait state overlay memory that runs at full clock speed, 
so there are no restrictions on memory, software or 
interrupts. The 16K deep by 139 bit wide trace provides 
true 32 bit support. 

Seeing is believing, For a demonstration or more 
information, pick up your phone. 

Dial full speed ahead and ask for Telemarketing. 
In WA (206) 882-2000. 

Applied Microsystems Corporation, PO. Box 
97002, Redmond, Washington, USA 98073-9702. 


L800 SION 


Applied Microsystems Corporation 
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NEW PRODUCTS 
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VIDEO SYSTEM 


© Interfaces with workstations 
through a SCSI port 
® Consists of a camera, a SCSI- 
camera adapter, and software 

The SCSI HR Video System con- 
sists of a Videx Megaplus video 
camera, a SCSI-camera interface 
adapter, and software for diplaying 
images on a workstation. The cam- 
era has a self-contained, 1320 
1025-pixel, CCD image array. The 
stand-alone adapter unit includes a 
power supply. It has 2M bytes of 
video RAM as a frame buffer, and 
you can add as much as 4M bytes 
of dynamic RAM for image process- 
ing. The adapter controls all aspects 
of the camera, except focus, via 
software resident on the host. It 
communicates with the host 
through a SCSI port. The command 
set lets you transfer arbitrarily 


WORKSTATIONS 


@ Utilize an 88100 RISC chip to de- 
liver 14 to 17 VAX MIPS 
@ 68020 wP acts as graphics CPU, 
draws 450,000 2-D vectors/sec 
The XD88 family consists of two 
workstations that use Motorola’s 
88100 RISC chip. An application 
processor and a file server deliver 
14 to 17 VAX MIPS; 84,000 Dhryst- 
ones; 16M single-precision Whet- 
stones; and 7M to 12M flops. The 
system uses four 88200 cache mem- 
ory-management units (expandable 
to eight) for a total of 64k bytes of 
cache. Standard configurations in- 
clude 8M bytes of RAM (expand- 
able to 176M bytes), a 156M-byte 
hard-disk drive, and a 150M-byte 
streaming-tape drive. Each unit has 
an independent 68020 pP, acting as 
a graphics CPU, which provides re- 
draw speeds of 450,000 2-D vectors/ 
sec; 340,000 3-D vectors/sec; and 
20,000 Gouraud shaded triangles/ 
sec. The system displays 16.7M col- 
ors with 1280 x 1024-pixel resolu- 
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sized windows to the host to speed 
the SCSI bus transfers. The pre- 
sent software runs on a Sun 8 host 
with software for other systems in 
development. System without cam- 


tion. The workstations also include 
X Window System version 11 and 
an option for stereoscopic displays. 
$24,950 to $34,950. 

Tektronix Inc, Box 14689, Port- 
land, OR 97214. Phone (800) 225- 
5434. 
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PRINTERS 


@ Hight resident fonts including 
Script and Courier 

@ Print at 300 cps in draft elite 
mode 

The XR-1500 Multi-Font and the 

XR-1000 Multi-Font are 9-wire dot- 


era, $5500. ie 
Electroteq Corp, 2955 Golfside 
Dr, Ypsilanti, MI 48197. Phone 
(813) 484-2410. 
Circle No 378 


matrix printers, featuring eight 
resident fonts: Courier, Script, 
Sans Serif, Letter G, TW-Light, 
Orator, Cinema, and OCR B. The 
units print at 300 eps in draft elite 
mode and 75 eps in near-letter-qual- 
ity elite mode. When running in 
quiet mode, the printers operate at 
51- and 50-dB noise levels, respec- 
tively. They each have a 32k-byte 
buffer, enabling them to store as 
many as 16 pages. An optional 128k- 
byte board expands the memory to 
160k bytes. The printers differ only 
in carriage width and emulations. 
The XR-1500 is a 15-in. carriage 
model and emulates the Epson EX- 
1000 and IBM Proprinter - ITXL 
printers. The XR-1000 is a 10-in. 
model and emulates the Epson EX- 
800 and the IBM Propinter II print- 
ers. XR-1500, $799; XR-1000, $579; 
optional color-printing kit, $50. 
Star Micronics Inc, 200 Park 
Ave, Suite 3510, New York, NY 
10166. Phone (212) 986-6770. 
Circle No 380 
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DISK SUBSYSTEM 


e Transfers data at 4M bytes/sec 
® Controls as many as seven disk 
drives using DEC’s MSCP 

The DSB series consists of a disk- 
drive controller and a disk-storage 
subsystem for the VAX 8XXX and 
VAX 6XXX. The controller utilizes 
a 68020 wP and a 64k-byte FIFO 


buffer to transfer data at 4M bytes/ 
sec. It controls as many as seven 
disk drives and occupies one slot in 
the VAXBI I/O Bus. The board op- 
erates with DEC’s Mass Storage 
Control Protocol and has a SCSI 
port. In addition, the board has an 
RS-232C port for maintenance, di- 
agnostic, and monitoring purposes. 


THE BATTERY FOR 
AUTOMATED 
PRODUCTION 

IS NOW 

IN PRODUCTION 


eg so Actual Size 


It’s called the B-35 mPowerCell™. A CMOS backup bat- 
tery that you can handle just like any other component. It is 
tape mounted for automatic insertion. It can be wave 
soldered. And, it withstands all normal flux cleaning and 
board drying procedures. 

The B-35 has the same reliable Lithium-Iodine chemistry 
that is the number one choice for cardiac pacemakers. A 
performance study of over one million batteries in use shows 
a useful life of more than 20 years can be predicted. 

The B-35 has 35 milliamps-hours capacity. Enough for 
most CMOS backup applications. Although not tape 
mounted, higher capacity models (to 1 amp-hour) are 
available with all the other production advantages of the B-35. 

For more information, call (301) 296-7000, ext. 304. 


CATALYST RESEARCH 


A DIVISION OF MINE SAFETY APPLIANCES COMPANY 
1421 Clarkview Road Baltimore, MD 21209-9987 (301) 296-7000 ext 304 
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The disk-storage subsystem has ¢a- 
pacities ranging as high as 1G byte 
formatted. The subsystem is avail- 
able in options that range from 19- 
in. rack-mountable units to fully 
configured cabinets. Rack-mount- 
able drive and controller, $22,500; 
7-drive system in a 42-in. cabinet, 
$114,500. 

Clearpoint Research Corp, 99 
South St, Hopkinton, MA 01748. 
Phone (508) 435-2000. FAX 508- 
435-6184. 
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CPU BOARD 

@ Runs MS-DOS and has 
multiprocessing capability 

© Has a V50 pP and transfers both 
16-bit and 8-bit data 

The 8850 Multimaster single-board 

computer for the STD Bus runs MS- 

DOS and supports multiple boards 

on the bus in a multimaster configu- 
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We're Setting A Trend! 
& 


Voted #1 Switch Supplier 
1986 1987 1988 


C&K COMPONENTS, INC. 
NEWTON DIVISION 


C&K/UNIMAX, INC. 
A C&K SUBSIDIARY 


For three years C& 
Buyers’ Preference Survey. C&K is a highly automated world class manufacturer with 
sales, assembly and distribution facilities worldwide. We are #1 for switches with high quality 
and consistent performance, and we are the leader in sealed/process compatible 
switches, surface mounted switches and miniature switches of all types. 


Call or write for Free sample and literature. & ® 


: 2 C&K Components, Inc. 
Sales/Customer Service Direct: (800) 635-5936 15 Riverdale Ave. 
In MA: (617) 964-6400 


Newton, MA 02158-1082 
Telex: 92-2544 @ Fax: (617) 527-3062 The Primary Source Worldwide®. 


SEE US AT MIDCON, BOOTH #314-316 
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ration. Among its features are a 
V50 pP; 8-, 10-, or 12-MHz operat- 
ing speed; two RS-232C ports and 
an RS-422/485 port; a parallel port; 
three DMA channels; three 16-bit 
timer/counters; 512k bytes of dy- 
namic RAM; 32k bytes (expandable 
to 256k bytes) of EPROM; 128k 
bytes of battery-backed _ static 


RAM; a socket for an 8087 coproces- 
sor; and a battery-backed real-time 
clock/ealendar. Transferring both 
16 and 8-bit data and remaining 
compatible with the STD-8088 
specification, the board is also com- 
patible with 8-bit STD Bus boards 
and supports the 16-bit STD Bus 
standard. In parallel-processing ap- 


When your specs call 
for quick shipment, 


‘call for Instant Emcor: 


Instant Emcor ships enclosures in pre-selected colors in just 5 


ee 


working days, or in 16 standard colors in 10 working days. Pic- 
tured are just a few of the enclosure options available to you 
from Instant Emcor, the broadest, most comprehensive stocking 
plan in the industry. While others ship from a 


preassembled inventory, Emcor’s top-quality 
enclosures are fully assembled in single bay units 


to your specifications. 


Emcor was first with a ship from stock program. 
Today, we're still the industry leader with the 
broadest, most flexible program. Call us today to 


see how we can help you. 


cS 


Crenlo, Inc. 


1600 - 4th Ave. N.W. 
Rochester, MN 55901 
Phone 507-289-3371 
FAX #507-287-3405 


EMCOR~ 
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plications, multiple boards can com- 
municate through global memory 
located on the STD Bus. $774 (OEM 
qty). 

Systek, 1027 N Kellogg St, Ken- 
newick, WA 99336. Phone (509) 
735-1200. 

Circle No 382 


MODEM MODULE 


® Occupies 2.4 X 2.2 in. and com- 
municates at 2400 bps 
®@ Comes as a 44-pin DIP and has 

a DAA and RS232C interface 
The MM2400-S 2400-bps modem in 
a 2.4x2.2-in. module uses surface- 
mount technology and comes as a 
44-pin DIP for installation on a pe 
board. The unit provides full-duplex 
communications over a twisted-pair 
telephone network. Equipped with 
a data-access arrangement and an 
RS-2382C interface, the unit sup- 
ports both synchronous and asyn- 
chronous communications. The unit 
is compatible with the Hayes ex- 
tended AT command set and can 
operate at 2400, 1200, and 0 to 300 
bps. The modem conforms to 
CCITT V.22 bis, V.22, and V.21 
standards, as well as Bell 212A and 
108 standards. In addition, the unit 
contains transmit and receive fil- 
ters, automatic equalization, and 
modulation/demodulation. Support- 
ing both DTMF and pulse dialing, 
it also has telephone-call progress 
monitoring. $130 (1000). 

Micro Electronic Technologies 
Inc, 35 South St, Hopkinton, MA 
01748. Phone (508) 485-9057. FAX 
508-485-6481. 
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INTERFACE ADAPTER 


@ Connects DTEs or DCEs with 
RS-232C, RS-422, or CCITT 
V.35 ports 

© Has six status LEDs for each of 
its ports 

The TriX-1 adapter connects incom- 

patible interfaces. It has three line 

connectors on its rear panel: a 25- 
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FOR EMI SHIELDING COMPLIANCE: 


ARD WORK... 


Faced with designing or testing a prod- 
uct which must comply with one of 
the many commercial or military EMI 
specifications? You have two choices: 


You can dig through the mountain of 
published material. ..and still not be 
much further ahead. 


Or, you can make one easy phone 

call to Chomerics. Because whatever 
standards you’re dealing with, our 
people know them inside and out. No 
other supplier delivers the combination 
of knowledge, products, and services 
to make your EMI problems disappear. 


© Chomerics, Inc. 1988 
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BEFORE CONSULTING THE SPECS, 
CONSULT THE SPECIALISTS. 


REASY | 


Design Help 

Call us early on in the design phase of your product and 
take advantage of our no-charge EMI design review. 
We'll help you get it right the first time. 


Applications Assistance 

With your design criteria in mind, we'll look across 

the full range of EMI shielding possibilities, and provide 
detailed drawings and prototypes on short notice. 


EMI Testing 

Our depth of experience becomes very important when 
it’s time to test your system. The fact that we operate 
comprehensive military and commercial testing facilities, 
with on-site design, applications support, and materials 
manufacturing, is a real advantage to our customers. 


a GRACE company 


77 Dragon Court « Woburn, MA 01888 
TEL: 800-225-1936 (In MA: 617-935-4850) « TWX: 710-393-0173 


Chomerics (UK) Ltd. 

Unit 8, First Avenue e Globe Park Industrial Estate 
Marlow, Bucks., SL7 1YA « ENGLAND 

TEL: (06284) 6030 « TELEX: 849817 CHOMER G 
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pin D connector as an RS-232C 
port, a 37-pin D connector as an RS- 
422 port, and a 34-pin M-block con- 
nector as a CCITT V.35 port. The 
unit permits data terminal equip- 
ment and data communications 
equipment with incompatible ports 
to connect with other DTE and 
DCE units. A front-panel switch on 
each connector determines whether 
the port is a DTE or a DCE unit. 
The RS-232C interface also has a 
second switch that can connect pin 
15 (transmit timing, DCE source) 
of the RS-232C port to either pin 
17 (receive timing) or to pin 24 
(transmit timing, DTE source). Six 
front-panel LEDs for each of the 
interfaces indicate active status for 
the following signals: send data, re- 
ceive data, send timing, receive 
timing, request to send/data termi- 
nal ready, and clear to send/data 


set ready. $450. Delivery, five 
weeks ARO. 
Integrated Communications 


Inc, Box 780, Germantown, MD 
20874. Phone (801) 948-4183. FAX 
301-972-3698. 
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VIDEO CONTROLLER 


@ Uses the VLSI 86010 RISC pP 
@ Displays 1024 x 768 x 4-bit pixels 
with 16.8M colors 

The VectorScan RISC is a graphics 
coprocessor board for the IBM PC, 
PC/XT, PC/AT, and compatible 
computers that uses a VLSI 86C010 
32-bit RISC wP as a video control- 
ler. The CPU’s instruction set is 
similar to that for the TMS4010 but 
the CPU fetches a 32-bit instruction 
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in a single cycle. The controller pro- 
vides 4-bit displays measuring 
1024 x 768 pixels or 640 x 480 pixels 
and 8-bit displays with 800x600 
pixels, with 16.8M colors at its ana- 
log output or 64 TTL colors at its 
digital output. The host communi- 
cates with the board through inter- 
rupts, DMA, or programmed I/O in- 
structions. The unit draws 600,000 
pixels/sec and more than 13,000 


characters/sec. A video-switch fea- 
ture lets you connect a DOS-com- 
patible video card through the con- 
troller board to a monitor. $695. 
Applied Data Systems Inc, 409A 
E. Preston St, Baltimore, MD 
21202. Phone (301) 576-0335. 
Circle No 385 


IMAGING BOARD 


® Contains a TMS34010 and a 
TMS320C25 P 
@ Has 2M bytes of main memory 
and performs bitblt in hardware 
The Gemini, an image-processing 
board for the IBM PC/AT and com- 
patible computers, consists of a 
TMS34010 graphics system proces- 
sor (GSP) and a TMS320C25 digital 
signal processor (DSP). Because the 
DSP has its own local bus and mem- 


ory system, it can operate inde- 
pendently of the GSP. The board 
also contains multiple look-up ta- 
bles, 2M bytes of main memory, and | 
a 256k-byte display buffer with an 
additional 128k bytes for graphics 
overlay. The board performs bitblt 
operations in hardware that can 
transfer image data into the display 
buffer at 5M bytes/sec. In addition, 
the board has 2M bytes of annota- 
tion memory, which permits text 
and graphics overlays without loss 
of image data. The board comes 
with IWindows software, which 
supports multiple concurrent tasks. 
The software can overlap multiple 
images using windows. Board and 
software, from $3995. 
Imagesystems Inc, 7504 134th 
Ave SE, Renton, WA 98056. Phone 
(206) 255-0899. 
Circle No 386 


SCSI CONTROLLER 


@ Has as much as 1M byte of cache 
RAM 
® Includes 10-MHz 80188 wP to 
control seven SCSI disk drives 

The LDP-CACHE SCSI disk-drive 
controller for the IBM PC, PC/XT, 
PC/AT, and compatible computers 
has a 10-MHz 80188 pP and from 
256k bytes to 1M byte of cache 
memory. The board keeps the most 
recently accessed data in local 
RAM, thus reducing disk seek 
times and latencies. The board also 
reads an entire track into its local 
RAM each time it accesses a track, 
making other sectors on the track 
immediately available. Further, the 
board queues write requests in its 
RAM, and its 80188 CPU performs 
write operations by sequencing 
through pending writes in order of 
closest access on the drive. The in- 
telligent interface transfers data at 
4M bytes/sec and controls as many 
as seven SCSI disk drives. You can 
set four port addresses with jump- 
ers from O000H to 8FFH. The 
board’s support of a 1:1 interleave 
ratio on a hard disk allows the board 
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to read a complete track in 1 revolu- 
tion. 256k-byte version, $649. 
Lomas Data Products Inc, 182 
Cedar Hill St, Marlboro, MA 01752. 
Phone (508) 460-0333. 
Circle No 387 


HANDHELD TERMINAL 


@ Features an LCD with four 20- 
character lines 
@ Lets you develop code in C lan- 
guage on IBM PC/AT 
The HT/1120 user-programmable 
handheld terminal allows users to 
develop code in C language on an 
IBM PC/AT or compatible com- 
puter. Users then cross-compile the 
code to HD6303 machine instruc- 
tions with a suitable compiler, such 
as the Archmides Software C-6301 
cross-compiler, and download the 
code to the terminal. The unit 
comes with either an RS-232C, RS- 
422, current loop, or TTL inter- 


faces. Providing 256k bytes of sur- 
face-mount RAM, the unit comes 
with alkaline batteries for com- 
pletely portable operations. In addi- 
tion, the LCD has four 20-character 
lines, and the 32-key alphanumeric 
keyboard provides user-selectable 
options. The unit comes with a 2- 
year warranty. $1000 (OEM qty). 
Delivery, eight weeks ARO. 
Termiflex Corp, 316 Daniel Web- 
ster Hwy, Merrimack, NH 03054. 
Phone (603) 424-3700. 
Circle No 388 


PRINTER ADAPTER 


® Compatible with Centronics 
printers 

e Printing of paint programs on 
color or black-and-white printers 

The NB-PRL, a Centronics parallel 

interface board for Macintosh II 

computers, provides the standard 

Centronics handshake signals that 


permit the host to communicate 
with a compatible printer or plot- 
ter. The board can transfer data at 
a maximum speed of 150k bytes/sec. 
Color pictures drawn by paint pro- 
grams can print in color or black 
and white. The unit also permits 
Macintosh word-processing — pro- 
grams to be printed on printers 
with compatible interfaces. The 
digital interface utilizes an AMD 
8255 programmable peripheral in- 
terface. In addition, the board con- 
tains a configuration ROM, an ad- 
dress decoder, and NuBus control 
circuitry. The digital I/O interface 
takes place through a 25-pin D sub- 
female connector. $245; 2-meter 
Centronics cable, $45. 

National Instruments Corp, 
12109 Technology Blvd, Austin, TX 
78727. Phone (800) 433-3488; in TX, 
(512) 794-0100. FAX 512-250-9319. 
TLX 756737. 
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Newest members of the growing 
family of Buchanan electronic 


connectors. Until now, DIN 41612 connectors 
have been limited to low amperage signal 
applications. NOW, NEW BUCHANAN-2E POWER 
DIN CONNECTORS PROVIDE HIGH AMPERAGE 
POWER CONTACTS, making these connectors 

the ideal interface in a wide variety of situations — 
especially in power-supply-to-motherboard 
applications. 

Buchanan-2E power DIN connectors give you: 

® A versatile series of 2-piece DIN 41612 connec- 
tors with power or power and signal contacts in 
one connector. 

m@ Variety of high amperage models with 15A 

or 20A ratings — plus the option of adding two 
SOA contacts. 

® Full compatibility with DIN / Eurocard standard 
or other 19” rack systems. 

™ Wide variety of terminal styles: Quick-connect, 
PC, extended PC, wire wrap, screw, or hand solder. 


Send for Catalog 1/0 300A to select a sample 
that fits your application. 


INDUSTRIAL ELECTRICAL 
| PRODUCTS 
AMERACE CORPORATION 
INDUSTRIAL ELECTRICAL PRODUCTS 
530 W. MT. PLEASANT AVENUE 
LIVINGSTON, NJ 07039 # (201) 992-8400 
TELEX: 13-8403 = FAX: 201-992-9416 


=. 
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The program 


in a switch. 


Introducing Vivisun Series 2000, the programmable switches can replace 50 or more dedicated switches 
display pushbutton system that interfaces the and the wiring that goes with them. In short, 
operator with the host computer. The user friendly Vivisun Series 2000 gives you more control over 
LED dot-matrix displays can display any graphics everything including your costs. 

or alpha-numerics and are available in green, red Contact us today. 


or amber. They can efficiently guide the operator 
through any complex sequence, such as a checklist, 


with no errors and no wasted time. O AEROSPACE OPTICS INC. 
They also simplify operator training as well as 3201 Sandy Lane, Fort Worth, Texas 76112 
control panel design. Four Vivisun Series 2000 (817) 451-1141 + Telex 75-8461 * Fax (817) 654-3405 


SERIES 


Programmable display switches. Making the complex simple. 
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NEW PRODUCTS 
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OPTICAL SENSORS 


@ Feature a 0.001-in. measurement 
resolution 

e Offer digital and analog outputs 
The MQ-LA photoelectric sensors 
combine laser and triple-beam tech- 
nologies to develop a measurement 
system that features detection reso- 
lutions as low as 0.001 in. They offer 
both analog (+5V) and digital out- 
puts—either relay or transistor. 
The two models offer different set- 
point-detection capabilities—1 to 2 
in. (LA40) or 2 to 4 in. (LA75). The 
sensors are available for either 
panel or DIN-rail mounting. $975 
(50). 

Aromat Corp, Industrial Prod- 
ucts Div, 629 Central Ave, New 
Providence, NJ 07974. Phone (201) 
464-3550. 

Circle No 365 


SENSOR KIT 


®@ Comes with two antennas 
@ Motion-sensing module meets 
FCC regulations 

The MSM 10200 microwave, non- 
contact, motion-sensor evaluation 
kit is furnished with two horn an- 
tennas. The broad-beam antenna 
has a sensing range of 50 ft max 
and is suited for large targets. The 
narrow-beam unit is useful for small 
objects and has a 150-ft max sensing 
range. A sensing module, which op- 
erates in a transmit/receive mode, 
an application note on sensor inter- 
facing, and pc-board-mountable sig- 
nal-conditioning electronics com- 
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plete the kit. The sensor module 
meets FCC regulations for fre- 
quency, output power, stability, 
and emissions. It operates from 10 
to 26V dec inputs and draws only 
10 mA. The signal-conditioning cir- 
cuitry contains the power supply, 
amplifiers, comparator, and an out- 
put switch, which drives the oscilla- 
tor and converts the detected out- 
put to either a switch closure output 
or an analog output. $195. 

Alpha Industries, 20 Sylvan Rd, 
Woburn, MA 01801. Phone (617) 
935-5150. FAX 617-935-4939. 

Circle No 366 


DC/DC CONVERTERS 


® Offer 84% efficiency 

@ Meet military specifications 
AHE2800 Series de/de converters 
are available with single or dual 
outputs that have 15 or 20W output 
ratings. All units meet the require- 
ments of MIL-STD-704D. Switch- 
ing frequency is 250 kHz, and effi- 
ciencies range from 78 to 84%. Line 


load 


and regulation measures 
+(0.5%, and output ripple is 60 mV 
max. Units are available with 5V 
(AHE2805), 12 and +12V (AHE- 
2812), and 15 or +15V (AHE2815) 
outputs. Models operate over —55 
to +85°C, —55 to + 105°C, or —55 
to +125°C. Units screened to MIL- 
STD-883C are also available. $299 
to $320 (100) for —55 to + 85°C con- 
verters. 

Advanced Analog, 2270 Martin 
Ave, Santa Clara, CA 95050. Phone 
(408) 988-4930. FAX 408-988-2702. 

Circle No 367 
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Circle 103 for Immediate Application 
Circle 104 for Reference Material 


INDUSTRIAL ELECTRONIC ENGINEERS, INC. 
Industrial Products Division 

Ask about our Evaluation Kit Offer! 7740 Lemona Ave., Van Nuys, CA 91409-9234 
FAX: (818) 901-9046 © Telex: 6831955 IEE INTL 


See us at Midcon ‘89 booth #s 258/260 Tel.: (818) 787-0311, Ext. 418 


COMPONENTS & POWER SUPPLIES 


DISPLAY MODULE 


@ Operates from a 5V supply 

@ Features a direct CPU interface 
The AND673-JO is a_ 16-char- 
acter X 1-line_liquid-crystal-display 
module that features built-in LED 
backlighting. The unit operates 
from a 5V supply and features 11 
wide-angle yellow dies, which pro- 
vide a display that’s suited for use 
at night. The display’s onboard 
LCD controller, display RAM, and 
character generator combine to pro- 
vide a direct display interface to 


either a 4- or 8-bit CPU. The unit 
features 3.1 x5.76-mm characters, 
which are displayed in a 64.5 x 13.8- 
mm viewing area. The built-in back- 
light draws 110 mA from a 4V sup- 
ply. $25 (100). 

AND, 770 Airport Blvd, Burlin- 
game, CA 94010. Phone (415) 347- 
9916. FAX 415-340-1670. 

Circle No 368 


POWER CONNECTORS 


@ Feature secondary locks 

® Can handle 9A per contact 
Mini-Fit TPA power connectors fea- 
ture secondary locks in the form of 
red-colored keys, which are in- 
serted into the housing to ensure 
that the terminals within are cor- 
rectly and permanently seated. 
Connectors are available with 2 to 
16 positions located on dual rows 
with a 0.165x0.217-in. grid. The 
contacts can handle 9A at 250V. 


Both halves of the connector are 
fully shrouded to protect the con- 
tacts from damage and shorting. 
The female crimp contact is formed 
into a box shape. Dimples on two 
sides of the box provide four contact 
points with the male terminal. The 
UL-recognized and CSA-certified 
connectors are available with 94V- 
2- and 94V-0-rated housings. Brass 

Text continued on pg 189 


Here's more features: 

e 10 VDC to 300 VAC input. 
e Operation to 65°C. 

e AOQL to 1.0 MIL-STD-105D. 
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Standered Blache & White 
Call OT1 


We'll respond with small and large volume, multi- 
year contract pricing, or JIT programming. 

All the standard phosphors, sizes 5” to 17”, with full 
gray scale and 1024 line resolution. 

Our Hi-Res. fast-scan VGA monitors are available in 
kit, chassis or cabinet form. And they're fully compati- 
ble with PC, XT, AT, PS/2 and 80386-based computers. 


Custom Black &White 


Call Computron 


monitors. 


circuit boards. 


e TTL, ECL, DAC or composite video interface. 
e UL, CSA, VDE, DHHS and FCC certifiable. 
Over 10 years experience supplying Hi-Rel custom 


XCEL Corporation also manufactures high-quality 
keyboards and keypads, digital switches and printed 


Call us now at 312/952-8800. Or fax 312/952-0832. 
COMPUTRON DISPLAY SYSTEMS 


835 Bonnie Lane 


A DIVISION OF XCEL CORPORATION 


Elk Grove Village, IL 60007 
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MAXIMUM POWER I 
_ REAL-TIME DEVELO 


- Heurikon as your VME and Multibus tar- ee 
~ gets. VxWorks * VADSWorks * OS-9* VRTX 
‘Ada * Unix V.3 * Netw ork solutions * Just 
afew of the Open Tools ™ Heurikon has to 
speed your application to market. Call. 


Ow for real- time response. 


Ine. naa cae ae 


Imagine a a | memory on expands | : 
- & 256K—and with four channels, 
| one MegaSample. Aunique, removable 
44 Megabyte hard disk giving you” 
; ten times faster data recall and transfer. 
_ Time-saving PC interface. MS- DOS, 
disk downloadable ‘sequences and 
_ programs you can customize. 
“Unmatched calculation speed. Easy 
data archiving. Even four models 
offering your | choice of — 
| speed and resolution. 


oT hat’ s the new N icolet 400 Series. 
Power. Speed. FE lexibility. 

-— - Convenience. To see what you've | 
. been missing in waveform eee 
: ; call ore write e foday. 


_ Nicolet Test Instruments Division — 


| _ 5225- 2 Verona Road, Madison, wi 53711, 608/273- 5008 « or r 8001356-3090 
- CIRCLE! NO 106 


__ INSTRUMENTS OF DISCOVERY 
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or phospher-bronze contacts are 
available with either select-gold or 
tin platings. $0.06/mated line for a 
10-position model. Delivery, four to 
six weeks ARO. 

Molex Inc, 2222 Wellington Ct, 
Lisle, IL 60532. Phone (312) 969- 
4550. TLX 254069. 

Circle No 369 


TRANSMITTER 


@ Measures liquid or gas pressures 
@ Features a 6.5 turn-down ratio 
Model 150 differential transmitter 
eliminates the need for custom pres- 
sure sensors. The unit measures 
gauge, differential, or absolute 
pressures of liquids or gases. Mod- 
els are available with measurement 
ranges of 1.5 to 300 psi with accura- 
cies of +0.5. The operating span 
can be compressed from 100 to 15% 
of the rated range, equivalent to a 
6.5 turn-down ratio. You can also 
compress zero by as much as 85%; 
zero and span adjustments are ex- 
ternally accessible. The transmit- 
ter’s aluminum housing carries a 
NEMA 1 rating. An internal regu- 
lator features polarity reversal pro- 
tection and permits operation from 
an unregulated power source. $325. 
Robinson-Halpern Products, 1 
Apollo Rd, Plymouth Meeting, PA 
19462. Phone (215) 825-9200. FAX 
215-834-1917. 
Circle No 370 
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I/O RACK 


@ Saves real estate 
® Comes with pull-up resistors and 
load fuses 

Measuring only 3.75x18 in., the 
Model PB-24SM digital I/O rack oc- 
cupies 42% less space than standard 
PB-24 racks. The unit will accept 
as many as 24 of the manufacturer’s 


~ MODULAR 
POTS 


The individual components of our ¥2-inch-square conductive plastic and 
cermet potentiometers are stackable and interchangeable. Easily. Quickly. And 
economically. 

They meet MIL-R-94 and MIL-STD-202 standards. Customized options include 
terminal variations, detents, and various shaft and bushing configurations. And 
power ratings are 0.5 and 1.0 watts. 

Each pot can be combined with SPST or SPDT rotary switch modules, SPDT push- 
pull or momentary switches and in multiple sections of as many as 8 modules. 


We guarantee same day shipping on all standard WHY WAIT? 
[HAWKER] _ 


orders received before noon. Don't delay. For complete 
details call or write Doug Tarr, Product Manager at 
CLAROSTAT, One Washington Street, PO. Box 1507, 
Dover, NH 03820-1507. Telephone (603) 742-1120. 
TLXVIA MCI 671 3344. Fax (603) 742-0481. To Order 
Call Toll-Free 1-800-872-0042. 
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ALL POWER SUPPLY 
ROADS LEAD TO 


‘TO SWITCH ORNOT TO SWITCH... 
NEED NOT BE THE QUESTION... 
WE'VE GOT IT ALLY 


m SCRPHASE CONTROL There are 101 catalog 
models to choose from... in 1¢@ or 3@... 250W 
to 100,000W ... 6.0 vdc to 600 vdc ... O.9A to 
3,000A ... remote sense/programmable ... Y2 rack 
to floor mounts. 


DC SWITCH MODE With 32 catalog models ... 
INn1¢&3@...250W to6,000W ... 7.5 vdcto 380 
vdc ...0.5A to 600A ... remote sense/ 
programmable ... shoe box or rack mount. 


ELECTRONIC 
MEASUREMENTS 
Plot your own course — INC. ; 
for product information Or 405 ESSEX ROAD, NEPTUNE, NJ 07753 
application assistance call E hearing Excclloriae ia basin Call TOLL FREE 800-631-4298 
ineering Ex in NJ. 3 
-800-63 I -42 98 oad Manufacturing Since 1945 Gall 201 "92-9300 si eon 
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ELECTRONIC 
en 
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SCR REGULATED 
DC POWER SUPPLIES 


SINGLE 
PHASE 
TCR 


e 4 power 

levels 600 W - 

1,000 W - 
1,800 W - 2,800 W 

¢ DC outputs variable over full range of 0 to 7.5 

V DC through 0 to 2,500 V DC 

¢ Regulated and metered (V and A) 

e CV/CC with automatic crossover 

e Fully programmable and remote sense 

¢ Complies with VDE 875-N and VDE 871-A 

e 5-year warranty 


THREE 
PHASE 
TCR 


© 3 power 
ranges 
2,500 W- 
5,000 W - 
10,000 W 

e DC outputs 

variable over range 

from 0 to 6 V DC through 0 to 600 V DC 

e Regulated and metered (V and A) 

e CVICC with automatic crossover 

¢ Complies with VDE 875-N and VDE 871-A 

e 5-year warranty 


EMS HIGH FREQUENCY 
SWITCHING DC POWER 
SUPPLY 


¢ 48 models 600 W to 1,000 W to 2,500 W to 
10,000 W 

e Voltages from 75 V DC through 1,000 V DC 

¢ High density packaging — up to 3.1 Wicubic 
inches at 5 kW . 

¢ Regulated and metered (V and A) 

¢ Fully programmable and remote sense 

¢ CV/CC with automatic crossover 

e 5-year warranty 

e U/L recognized 


ELECTRONIC MEASUREMENTS, INC. 
405 Essex Rd., Neptune, NJ 07753, Dept. EM 
TOLL FREE: 800-631-4298 
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SM Series I/O modules. Standard 
rack features include LED indica- 
tors, 3.3-kQ pull-up resistors, load 
fuses, field wiring, power-supply 
barriers, and a gold-plated card- 
edge connector. Options include de- 
tachable barriers, vertical or hori- 
zontal header connectors, and a 


hold-down bar, which is useful in 


harsh environments. $102. 

Gordos, 1000 N Second St, Ro- 
gers, AR 72756. Phone (800) 643- 
3500. 

Circle No 371 


PRESSURE SENSORS 


@ Available with integral tempera- 
ture compensation 
@ Feature a +0.25% accuracy 
Models 90 and 93 solid-state pres- 
sure sensors have a 5 to 3000-psi 
gauge or absolute measurement 
range and a +0.25% accuracy. All 
exposed surfaces of the sensors are 
made from 316 stainless steel, 
which allows the units to accommo- 
date most harsh media. With a 1.5- 
mA excitation, output span is typi- 
cally 100 mV. With Model 90 de- 
vices, you can calibrate and com- 
pensate the sensors for 0 to 50°C 
operation using only three external 
resistors, which are included with 
each device. Model 93 units are in- 
ternally calibrated and compen- 
sated for operation over 0 to 50°C. 
Model 90, from $98; Model 93, from 
$108. Delivery, stock to six weeks 
ARO. 

IC Sensors Inc, 1701 McCarthy 
Blvd, Milpitas, CA 95035. Phone 
(408) 482-1800. 

Circle No 372 


INTERFACE SWITCH 


@ Lets a computer select from three 
printers 

@ Handles any parallel interface 
In minicomputer — applications, 
Model 8863-D 3-way transfer switch 
allows the computer to select 
among three printers. In multiple 
wC installations, you can use the 
device to switch a single printer to 
support three wCs equipped with a 
parallel interface. Because all con- 
ductors at the 36-pin connector are 
switched, the 8863-D will accommo- 
date any parallel-interfaced print- 
ers. You can easily make all inter- 
face connections through the four 
36-pin connectors (labeled A, B, C, 
and Common) on the switch’s rear 
panel. The front-panel selector 
switch routes the data from the 
Common connector to the appropri- 
ate device connector. $220. 

Electro Standards Laboratory 
Inc, Box 9144, Providence, RI 
02940. Phone (401) 943-1164. 

Circle No 373 


POWER MOSFETs 


®@ Operate with 5V gate level 

@ Feature 24W dissipation 

The IRL110 and 120 MOSFETs re- 
quire only a 5V gate signal for full 
turn-on. The 110 has a 3.6A drain 
current rating and an on-resistance 
of 0.580. The 120 has a 4A drain- 
current capability and a 0.350 on- 
resistance. The 110 and 120 have a 
peak diode recovery of 5.5V/nsec; 
repetitive avalanche energy is 1.8 
mJ for the 110 and 2.4 mJ for the 
120. Maximum power dissipation 
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ratings are 18 and 24W for the 110 
and 120, ‘respectively. IRLF110, 
$10.71; IRLF 120, $11.93 (1000). De- 
livery, eight to 10 weeks ARO. 
International Rectifier, 233 
Kansas St, El Segundo, CA 90245. 
Phone (218) 607-8899. 
Circle No 374 


Team player 


TRANSDUCERS 


@ Accommodate harsh environ- 


ments 
@ Have a 50-mV output span 
Model P5021 pressure transducers 
incorporate a 300 Series stainless- 
steel chamber, which allows the 
units to handle a variety of corro- 


Make Mizar’s dual-ported 68030 CPU 
your multiprocessing MVP. 
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ith Mizar’s MZ 7130, the VME 


microcomputer with major league features. Combining 
68030 power and true dual-ported memory, the MZ 7130 
wins the multiprocessing pennant. All for a price that won't 


send you into the dugout. 


Rely on the MZ 7130 for functionality: a 68030 MPU at up 
to 25 MHz, four MB of dual-ported DRAM with parity, 16K 
cache, up to one MB of EPROM, two RS-2382 serial ports, 
SCSI, mailbox interrupts, and time-of-day clock. 

Draft from options such as a 68882 FPP, up to one MB of 
SRAM, a VSB interface, and Ethernet™ 

Build your real-time application around Mizar’s team 
player, the MZ 7130. Call today. 1-800-635-0200. 


Mizar. The shortest distance between concept and reality. 


MIZAR 


1419 Dunn Drive « Carrollton, TX 75006 « 


Ethernet is a trademark of Xerox Corp. 


(214) 446-2664 


©1989, Mizar, Inc. 
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and gases. The 


liquids 
transducers provide vented-gauge 
pressure measurements in full-scale 
ranges of 15 to 5000 psi. The devices 
operate from a 5V supply and pro- 
vide a 50+1-mV de full-range out- 


sive 


put. Combined linearity, hystere- 
sis, and repeatability is +1% at full- 
scale output. All transducers are 
fully calibrated and compensated to 
ensure unit  interchangeability. 
From $130. 

Schaevitz Engineering, 7905 N 
Rte 130, Pennsauken, NJ 08110. 
Phone (609) 662-8000. FAX 609- 
662-6281. 

Circle No 375 


PROCESS METER 


@ Features a built-in power supply 
© Provides 3'/-digit output span 

Model 205-E digital process meter 
features an internal power supply 
rated for 24V at 20 mA or 10V at 
30 mA. You can use this supply to 
power 2- or 4-wire transmitters and 
other active sources. The unit pro- 
vides 3'4 digits of display span. 
Zero and span adjustments are 
made from the front panel. Full- 
scale signal ranges of 4- to 20 mA, 
0 to 0.2V, 1 to 5V, 0 to 10V, and 0 
to 100V are jumper-selectable. The 
true-differential input has 56 dB 
of normal-mode noise _ rejection. 
Screw-clamp cable connectors, 
which comply with VDE and UL 
requirements, are standard for 
power, signal, and excitation out- 
put. The meter housing is made of 
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94V-0 UL-rated polycarbonate. 
From $149. 

Newport Electronics Inc, 2229 S 
Yale St, Santa Ana, CA 92704. 
Phone (714) 540-4914. FAX 714- 
546-3022. 

Circle No 376 


BACKUP SUPPLIES 


@ Operate with ac or dc inputs 

@ Feature isolated outputs 

BB Series 750W switching power 
supplies operate from 115/2380V ac 
inputs or a 48V sealed lead-acid bat- 
tery. As many as four outputs with 
voltages of 2 to 48V are available. 
All outputs are electrically isolated 
and can be connected for either 
positive or negative output polari- 
ties. The supply normally operates 
from the ac line. When the ac fails, 
the device draws power from the 
battery through a switching up-con- 
verter to keep the main converter 


operational. Supply features in- 
clude remote inhibit, remote main- 
output margining, ac power fault 
detection, overvoltage protection, 
and main-output out-of-tolerance 
protection. The units are recog- 
nized by UL, approved by CSA, 
and comply with VDE safety stan- 
dards. From $1470. 

Unipower Corp, 2981 Gateway 
Dr, Pompano Beach, FL 33069. 
Phone (805) 974-2442. FAX 305- 
971-1837. 

Circle No 377 


ELCO P Series Worldwide 
Input Power Supplies 


O07 -0O 0: ©: 0 


For information contact: 
K-Tronics, a division of K.T. Electronics. 


15 watt to 1500 watt models, single output 

PMC versions; multiple outputs; 15 watts up to 100 watts 
UL, CSA & TUV approved, or pending 

High Efficiency—up to 4.2 watts per cubic inch on P1500 
Molex or screw terminals (most models) 

Meets FCC & VDE EMI requirements; high MTBF 
Smaller than industry standard footprints 


341 Cobalt Way, #206, Sunnyvale, CA 94086 
Phone 800 888-ELCO; FAX 408 732-5049 
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xe SwiTCHMODE 
: POWER SUPPL IES” 


M 350 to 1500 Watts 
M@ 3 to 15 Outputs 


~ SINGLE OUTPUT — 


HM 400 to 3000 Watts in 5" x 8" 
Standard Package 


@ 155,000 Hrs. Demonstrated 
MTBF | 


= Hot Plug-in 
FAULT TOLERANT 
(N+1) POWER SYSTEMS 
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H Two to Six Supplies 
M@ Expandable, 300 to 1800 Watts 
@ Internallsolation Diodes (Option) 


POWERTEC 


The Power in Power Supplies 
20550 Nordhoff Street Chatsworth, CA 91311 
(818) 882-0004 * FAX (818) 998-4225 
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NEW PRODUCTS 


-1M-BIT VIDEO RAM 


@ Available in two configurations 

@ Access times as low as 80 nsec 

Organized in two different configu- 
rations, these 1M-bit video RAMs 
are available with maximum access- 
time ratings of 80, 100, and 120 
nsec. The M5M482128 dual-port dy- 
namic RAM has a 128k x 8-bit dy- 
namic RAM parallel-access memory 
port combined with a 256 x 8-bit se- 
rial-access memory (SAM) port. 
The M5M442256 has a 256k x 4-bit 
DRAM port combined with a 
512 x 4-bit SAM port. The parallel 
port acts as a standard DRAM ac- 
cessed by a pP or video controller. 
The bidirectional SAM port, which 
allows high-speed conversion of 
parallel data to a serial bit stream 
or vice versa, shifts the DRAM data 
out to a RAM DAC for display on 
a CRT. The inclusion of both ports 


INTEGRATED CIRCUITS 


in a single device improves perform- 
ance and reduces external logic re- 
quirements. Depending on type, 
package options include 40-pin and 
28-pin SOJ packages, and 28-pin 
ZIPs. 80-nsec versions, $57.50 and 


$62 (100). 
Mitsubishi Electronics America 
Inc, 1050 E  Arques_ Ave, 


Sunnyvale, CA 94086. Phone (408) 
730-5900. 
Circle No 390 


8-BIT ADCs 


® Critical ac specs are guaranteed 
® Converts at 300M samples/sec 

Producing 8-bit A/D conversions as 
fast as 300M _ samples/sec, the 
AD9028 and AD9038 have guaran- 
teed specs for all critical ac parame- 
ters. Providing identical perform- 
ance, the flash converters offer a 
choice of digital interfacing rates. 
The AD9028 uses a single parallel 
ECL-compatible output latch, and 
the AD9038 provides a 1:2 demulti- 
plexed output via two latches that 
interface to slower logic. Both de- 
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vices feature a 250-MHz analog 
bandwidth, a 36-dB S/N ratio for 
92-MHz inputs, and a 47-dB S/N ra- 
tio for 9.3-MHz inputs. The maxi- 
mum differential and integral non- 
linearities are * LSB (J grade) and 
1 LSB (K grade) with guaranteed 
8-bit no-missing-code performance. 
The analog input spans a signal 
range of 0 to —2V, and the input 
capacitance is 17 pF. Power con- 
sumption is <2.1W typ from a 
—5.2V supply. From $185 (100). 
Analog Devices, Literature Cen- 
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (617) 935-5565. 
Circle No 391 


MATH COPROCESSOR 


© Works with Intel 80486 wP 

@ Plugs into a socket on the system 
board 

The Abacus 4167 is a floating-point 

coprocessor for the Intel 80486 uP 

that completes math operations 5 

to 6 times faster than the 486’s on- 


chip floating-point unit. The 4167 
plugs into a socket on the system 
board of 486-based computers, ena- 
bling them to run numerically inten- 
Sive applications 2 to 3 times faster 
than systems with the 486 alone. 
Using the 4167, a 486-based PC 
running at 25 MHz can deliver 17M 
Whetstones of single-precision per- 
formance, compared with 7M Whet- 
stones delivered by the 486 alone. 
All existing applications that sup- 
port the company’s Abacus 3167 for 
386-based computers automatically 
support the 4167. The Abacus 4167 
has a 64-bit floating-point data 
path, which includes an ALU, a 
multiplier, and a divide/square-root 
unit. Packaged in a 142-pin pin-grid 
array, the 4167 is available in sam- 
ple quantities now. Limited produc- 
tion quantities will be available in 
December 1989. $565 (1000). 
Weitek Corp, 1060 E Arques 
Ave, Sunnyvale, CA 94086. Phone 
(408) 738-8400. | 
Circle No 392 
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=m Available Now! 256K 25ns 
64K 15ns/16K 15ns 


5C256 256KX1 | 25ns | PDIP CDIP SO}, LCC 
pcos | AKX4_— | 25ns_| PDIP CDIF SO} LOC 


When you work at the 
leading edge of technology, 
you need components that are 
production proven — not still 


in development. — 

At Micron Technology, we've applied 5C2565 64K X 4 OF PDIF, CDIF, SOJ, LCC 
the same state-of-the-art design and process 5C2568 32K X8 PDIP. CDIP SOJ, LCC 
technology used for our high quality DRAMs in 
development of our Fast Static RAMs. The result — MT5C6401 64K X 1 PDIP, CDIP, SOJ 


an incredible 25ns 256K and 15ns 64K and 16K, plus MT5C6404 16K X4 PDIP. CDIP SOJ 


a full line of other super fast parts. And we're not — 
just sampling product, we've been shipping MT5C6405 16K X 4 OF PDIP. CDIP SO} 
Pag ein ye AG ever EAE MT5C6406/7 | 16KX451/O PDIP. CDIP SOJ 
A wide variety of packages, densities and 
organizations are offered to meet all your application 5C6408 8K X 8 PDIP, CDIP SOJ, LCC 


needs. And like all Micron memory products, our Po eK: | 
Fast SRAMs are backed by the type : 9C1601 16K X 1 PDIP CDIP SOJ 
of strong sales, customer service } 5C1604 4K X 4 PDIP, CDIF, SOJ 

and technical support that keeps 4 
you on the leading edge. é 5C1605 4K X 4 OE PDIF, CDIF, SOJ 
So get the Super Fast 5c1606/7 | 4KX481/0 PDIP, CDIP SO} 
5C1608 2K X 8 PDIP. CDIP SOJ 


SRAMs you need now by calling 
*Slower speeds also available. 


i 


us at 1-208-386-3900. 
Micron. Working to improve your memory. 


TECHNOLOGY, INC. 


2805 E. Columbia Road, Boise, Idaho 83706 208-386-3900 
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INTEL FROM 
HAMILTON/AVNET 


Evaluate the high-performance, 32- 
bit, 80960KB processor quickly and 
cost-effectively with Intel’s QT960 eval- 
uation and prototyping boards. 

Tne 20MHz, 80960kKB delivers up to 10 
VAX MIPS with burst rates of up to 20 
MIPS; and has an integrated Floating 
Point Unit capable of over 5,000,000 
Whetstones per second. 

ideal for high-performance, embed- 
ded applications, Q1960 products fea- 
ture a prototyping area for fast custom 
design; public domain design for re- 
duced time to market; various memory 
configurations and an onboard debug 
monitor. 

Compatible with a wide variety of 
hosts via a serial link, the QI960 boards 
utilize several popular Intel compo- 
nents, such as Gg 2OMHz, 80960kKB proc- 
essor, 27C202 fast EPROMs (found in 
the F20 board only ), 28F256 flash mem- 
ory, 82380 peripheral and 82510 serial 
controller. 

Cut through the time and expense of 
conventional board design with Intel's 
QT960 evaluation and prototyping 
boards from Hamilton/Avnet. For the 
location nearest you, call foll free, 
4 (800) 442-6458. 


Hamiltona:synet 


i 
SLs socom | 
: 


TEAR UP 
THE 
HIGH COST 
OF DESIGN 
DEVELOPMENT| 


SEND FOR FURTHER INFORMATION! 


| O Please rush me my high-speed, EVQT960F20 | 
Evaluation and Prototyping Board for I 
$1960", which includes Intel’s 27C202 fast | 
EPROMs. | will also receive a coupon that i 
entitles me to a 20% discount on a 80960 
Development Tools Kit. 


; 
i 
I 
| 
| Cl Please rush me my low cost, EVQT960E20 [4 
| Evaluation and Prototyping Board for$960", | 

which includes a coupon that entitles me — 
toa 20% discount on a 80960 Development I 

Tools Kit. : 
Jo Please send me further information on | : aa: me a 
| Intel’s QT960 Evaluation and Prototyping § 
Boards, 80960 Development Tools a5 

ts. 

| 80960 products EDN090189 
i NAME | 
lime met 
l 
a ! "80960 KB- 20 
1 apres | 4 
I | @OINTELS7 | 
: CITY 2 et | — — 
state _ . 
ZIP L 
| by 
| PHONE | 
| APPLICATION : / 
I Mail to: Hamilton/Avnet Electronics [ 4 2F. Ghd acct 
i Advertising Services | 
t 10950 Washington Blvd. | 
Culver City, CA 90230 | 


Coupon expires 9/15/89. 


*Caill your nearest Hamilton/Avnet location to place 
your order. Please make checks payable to Hamilton/ 
Avnet Electronics and include applicable sales fax. 
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DUAL POTENTIOMETER 


@ Provides digital control 
® Contains two 256-position 
controls 
The DS1267 digital potentiometer 
contains two 256-position control 
elements that can be stacked for 
double precision, creating a dual po- 
tentiometer with 512 positions. You 
can also daisy-chain an unlimited 
number of potentiometers using 
only three signal wires. To set the 
equivalent of a wiper arm, the user 
writes an 8-bit word to an on-chip 
register. Because that number is 
stored in a read/write memory, you 
can read the settings electronically. 
A serial port provides the means 
for setting and reading the potenti- 
ometers. The device can switch 
from one setting to another di- 
rectly—it doesn’t increment 
through every setting. $4.60 (100). 
Dallas Semiconductor, 4350 
Beltwood Pkwy S, Dallas, TX 
75244. Phone (214) 450-0400. FAX 
214-450-0470. TWX 650-244-1669. 
Circle No 393 


WIDEBAND BUFFER 


@ Features 450-MHz bandwidth 

@ Has closed-loop design 

Designed for use with the com- 
pany’s video multiplexers and 
switches, the Si581 unity-gain 
buffer amplifier features a band- 
width of 450 MHz and —65-dB dis- 
tortion at 20 MHz. The buffer’s 
closed-loop design uses current 
feedback to achieve high accuracy. 
In the de to 50-MHz range, the gain 
flatness of the Si581 is 0.5 dB max. 
Differential-gain and differential- 
phase specs are typically 0.1% and 
0.01°, respectively. With a 2V step, 
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‘settling time to 0.2% is typically 5 


nsec. $1581 in an 8-pin plastic DIP, 
$10.82 (100). Delivery, four to eight 
weeks ARO. 

Siliconix Inc, 2201 Laurelwood 
Rd, Santa Clara, CA 95054. Phone 
(800) 554-5565; in CA, (408) 988- 
8000. 

Circle No 394 


SERIAL EEPROMS 


® Have password read/write pro- 
tection 

® Capable of 10,000 write/erase 
cycles 

The CAT35C704 and CAT35C804 

are  password-protected serial 


EKEPROMs that allow the user to 
limit access to stored data via a 


IT TOOK 

_ TOYOCOM 

» TO PUT CLOCK 
OSCILLATORS 

ON TOP 


Toyocom Surface Mount 

Clock Oscillators 

Toyocom produces crystal clock 
oscillators to meet the variety of surface mount 


applications in use today. 
Now you can take advantage of tape/reel loading, and 
automated placement & insertion of clock oscillators, with 


Toyocom quality. 


Used by leading electronics manufacturers around the 
world, Toyocom SMD’s feature the exacting specifications, 
equivalency, and high performance today’s board level 


designers demand. 


They are TTL and high speed CMOS compatible, and 
have a plastic, four-pin SOJ; hermetically sealed cylindrical 


crystal; and high reliability. 


Surface mount clock oscillators—another reason why 
electronics industry leaders rely on the performance 


of Toyocom. 


For our free full line Crystal Clock Oscillator 


catalog, contact: 


TOYOCOM 


HEAD OFFICE 

617 E. Golf Road, Suite 112 
Arlington Heights, IL 60005 
Phone: (312) 593-8785 


LOS ANGELES OFFICE 

3200 Bristol Street, Suite 720 
Costa Mesa, CA 92626 
Phone: (714) 668-9081 
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highly secure access-control fea- 
ture. You can configure both de- 
vices as either 512x8-bit or 
256 x 16-bit memories and guaran- 
tee 10-year min data retention and 
10,000 write/erase cycles. The 
35C804 differs from the 35C704 only 
in its onboard UART for data trans- 
fers to 9600 baud. The 35C704 uses 


Lengths Ahead - 


VACUUMSCHMELZE 


with the permanent magnets 
VACOMAX and VACODYM 


Our high grade permanent magnets VACOMAX and VACOD YM 
make your devices and systems more powerful and more dyna- 
mic. The extremely high energy density of the magnets !s utilized 
for miniaturization and to improve performance, e.g. in drives, 
motors and generators, in magnetic couplings, in electro-acous- 


tic transducers, in keyboards and sensors. 


VAC not only supplies the magnets but the know-how required 
for successful application: advice on dimensioning and on the 
production of tailor-made magnet systems. Take advantage of 


the head start our materials offer your products. 


VACOMAX — Co Sm alloys 


VACODYM — NdFeB alloys (licence from Sumitomo Special Metals) 


M-114a/e 


VACUUMSCHMELZE GMBH 


Griiner Weg 37, D-6450 Hanau 1 - P.O.Box 2253 - Telephone: (061 81) 362-1 


Telefax: (06181) 362 645 - Telex: 4184863 vac - 


Teletex: 61818201 =vac 


/ fenseuss  WACUUMSCHMELZE | 


186 Wood Avenue South - Iselin, N.J.08830 - 
Telefax: (201) 3213050 - Telex: 4900006431 
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Telephone: (201) 494-3530 


a synchronous, high-speed commu- 
nications protocol. The EEPROMs 
provide two operating modes: un- 
protected and password protected. 
In the protected mode, the access 
code can be 1 to 8 bytes long and 
can provide as many as 1.8610” 
combinations. CAT385C704, $16; 
CAT35C804, $18 (100). 

Catalyst Semiconductor Inc, 
2231 Calle De Luna, Santa Clara, 
CA 95054. Phone (408) 748-7700. 
FAX 408-980-8209. TWX 510-601- 
7631. 

Circle No 395 


POWER DRIVERS 


@ Voltage ratings from 40 to 60V 

® Current ratings from 0.9 to 3.5A 
Designed to drive solenoids and 
stepper motors, the SG3663’s dual 
outputs are rated at +3.5A peak 
and 50V breakdown. Internal clamp 
diodes provide transient suppres- 
sion with inductive loads. You can 
configure the output stage to drive 
two separate loads or a single load 
in an H-bridge configuration. An in- 
ternal sense comparator controls 
current in the load and features a 
variable threshold and hysteresis. 
The SG8663 comes in two different 
power SIPs. A second device, the 
5G3645, is a quad 2.5A (8.5A peak) 
driver with a voltage rating of 60V. 
Each channel consists of TTL-com- 
patible inputs and open-collector 
Darlington outputs with clamp di- 
odes. All four inputs can be enabled 
or disabled simultaneously through 
a common pin. The SG3645 comes 
in a 16-pin batwing DIP and a 20- 
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pin batwing SOIC. The third de- 
vice, the SG3700 dual-hammer 
driver, has a current rating of 900 
mA and can handle output voltages 
to 40V. SG3663, $4; SG3645, $2.50; 
SG38700, $2 (100). Delivery, 45 days 
ARO. 

Silicon General, 11861 Western 
Ave, Garden Grove, CA 92641. 
Phone (714) 898-8121. 

Circle No 396 


WIDEBAND OP AMP 


®@ Has 200-MHz bandwidth 
@ Features low-noise operation 
In addition to its gain-bandwidth 
product of 200 MHz, the OP-61 op 
amp also features a low noise volt- 
age of 3.4-nV/V Hz at 1 kHz. Other 
specs include an open-loop gain of 
400V/mV and a typical offset volt- 
age of 200 nV. These features en- 
sure high performance in applica- 
tions that require good dc specs, 
gain linearity, and wideband opera- 
tion. In addition, the high slew-rate 
(40V/wsec max), fast settling time 
(330 nsec to 0.01%), and wide band- 
width provide excellent perform- 
ance for high-speed signal condi- 
tioning and pulsed RF amplifiers. 
The OP-61 is available in 8-pin ce- 
ramic and plastic DIPs, and a 20-pin 
LCC. Industrial grade, from $4.25; 
military grade, from $15.80 (100). 

Precision Monolithics Inc, Box 
58020, Santa Clara, CA 95052. 
Phone (408)727-9222. FAX 408-727- 
1550. 

Circle No 397 


TRANSCEIVERS 


® Single- and dual-channel ver- 
sions 

@ Meet MIL-STD-1553A/B stan- 
dards 

The UT63M100 Series of monolithic 

transceivers are complete transmit- 

ter and receiver pairs conforming 

to MIL-STD-1553A and 1553B. The 

series is fully compatible with in- 

dustry-standard 63100 devices. 

Transmit and receive data inter- 
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faces are TTL compatible, and idle- 
high and idle-low encoder/decoder 
interfaces are available. The re- 
ceiver sections are compatible with 
MIL-STD-1558 levels at 0.86 to 
14V. Because all necessary compo- 
nents are integrated onto a single 
die, the reliability of the UT63M100 
Series is higher than comparable 


_ THREE NEW LIN 
_ HIGH-QUALITY 


hybrid devices. Pin-compatible 
packaging is available for designs 
requiring direct plug-in replace- 
ment of standard UT63M100 Series 
devices. For new designs, SO sur- 
face-mount packages are available. 
The transceivers are screened to 
MIL-STD-883 and are specified 
over the —55 to +125°C tempera- 


- COMPETITIVELY PRICED | 


ERK Series 

= Switches at 200 KHz 

= MAG-AMP Regulation 

* AC 115/220V (selectable) 

= 100, 150, 200W Triple and Quad 
« Safety: UL, CSA, TUV 

« EMI: FCC/VDE 0871 Class “B” 


PRK Series 
(Pictured Above) 

= Switches at 60 to 300 KHz 

* Input Range AC 85-132V * Miniature size 

= 30, 50, 70W Triple Output * 15 and 30W Single Output 

* Safety: UL, CSA * Safety: UL, CSA, TUV 

* EMI: FCC Class “B” « EMI: FCC/VDE 0871 Class “B” 


MRE Series 
* Switches at 300 KHz 
* Universal Input AC85-264V 


Volgen also features top quality custom services and standard unit modifications. 
Uninterruptible Power Supply — check out our new model VPS-SOOV! 


See us at 
Booth 479 


Midcon'/s9 


Volgen America inc. 39650 Liberty Street, #325, Fremont, CA 94538 
(415) 498-5950 FAX (415) 498-5954 
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ture range. Single-channel units, 
from $236; dual-channel units, from 
$367 (100). 

United Technologies Microelec- 
tronics Center, 1575 Garden of the 
Gods Rd, Colorado Springs, CO 
80907. Phone (800) 645-8862; in CO, 
(719) 594-8259. 

Circle No 398 


MICROCONTROLLER 


® Contains ADC and PWM func- 
tions 
@ Available in ROM and EPROM 
Versions 
A member of the 80C51 family, the 
87C752 is the only 28-pin microcon- 
troller with an A/D converter and 
pulse-width-modulation functions 
on chip. Fully software compatible 
with the 80C51, the 87C752 con- 
tains a 5-channel ADC with a con- 
version time of 40 psec and a resolu- 
tion of 8 bits. Also included are in- 


put multipliers and a S/H circuit. 
You can use the PWM for motor 
and lamp control, and audio-tone 
generation. By disabling its output, 
you can also use the PWM system 
as a timer. The device’s I°C serial- 
interface port allows simple connec- 
tion to a variety of I°C peripheral 
devices ranging from EEPROM 
and static RAM messages to LCD 
drivers and clock calendars. ROM 
mask version, $3; one-time-pro- 
grammable EPROM version, $10; 
user-erasable quartz-windowed 
EPROM version, $35. | 
Signetics, Box 3409, Sunnyvale, 
CA 94088. Phone (408) 991-2000. 
Circle No 399 


MMIC ATTENUATOR 


@ Works from dc to 18 GHz 

@ Has low insertion loss 

The HMR-11000 is a GaAs mono- 
lithic-microwave IC pi-type attenu- 


ator that is usable from dc to 18 
GHz. Unlike PIN (positive intrinsic 
negative) diodes, which are current 
controlled, the HMR-11000 is a 
voltage-controlled device that uses 
much less power. Maximum current 
drain for the HMR-11000 is only 60 
wA. The device has a typical inser- 
tion loss of 2.0 dB at 12 GHz. The 
maximum linear attenuation is 35 
dB at 2 GHz and 15 dB at 18 GHz. 
The analog control capability of the 
attenuator allows any setting 
within the attenuation range. Ad- 
justment of the shunt-arm control 
voltage lets you use the HMR-11000 
in non-50Q, systems. The device’s 
separate input and output control 
pads help provide better isolation 
and gain/phase dispersion. $12.30 
(1000). 

Harris Semiconductor, Box 8838, 
Melbourne, FL 32901. Phone (407) 
724-3800. 

Circle No 400 


Do-it-yourself 


Today there remains an inherent tendency to 
make do with "off-the-shelf" resistor networks. 
A designer who thinks this way, without in- 
vestigating the facts, does a disservice to the 
design. Reduce the time to decide the proper 
electrical and economical solution, by deploy- 
ing our Erisistor PC-program. Now, one can 
not only do the design, but also get price in- 
dications and delivery information. Let us 
show you how easily it can be accomplished. 


Erisistar 


the irresistible resistor 


eo 
ERICSSON 2 
Ericsson Components AB 
P.O. Box 98 
S-563 00 Granna 
SWEDEN 
200 


CIRCLE NO 26 


EDN September 1, 1989 


eo" Computers and Communications 


The maximal core for high-end modems. 


EC's DSP family covers ihe eniire 


co 
MODEM snectrum 


Floating Point 


1200FDX 2400FDX A800HDX Q600HDX “ABOOFDX 9600FDX 14400 19200 
(V22)  (V22 BIS) (V27 TER)  (V29) (V32) 


i \ 
i j i ; ‘ 
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NEC‘ high-performance, 24-bit DSP 


Generation after tionsin 122ns. It gives youextensive __ tools as 77230. 

generation, NEC’s DSP_ memory capacity on-chip: 2K x 32 O Package options: 68-pin PGA 
chips have offered modem instruction ROM, 1K x 24 dataROM, and 68-pin PLCC. 
designers new levels of freedom and two sets of 256 x 24 data RAM. 
and sophistication. Now our 24-bit Other 77220 features include: Our DSP family covers the entire 
CMOS DSP joins the line. range of modem applications 

The wPD77220 is engineered for CLJEPROM version from 1,200 to 19,200 bps. Now 
the V.32 specs of 9,600 bpsmodems. (uPD77P220). we're taking high-end modems to 
In crucial areas such as speed and =- CL) Pin- and a higher level. For more infor- 
efficiency, it delivers everything your software-compatible mation, call NEC and 
high-end modem demands. with 32-bit 77230. ask about our 24-bit 

The 77220 executes all instruc- LJ) Uses same development CMOS DSP. 


For fast answers, call us at: 

USA Tel:1-800-632-3531. TWX:910-379-6985. W. Germany Tel:0211-650302. Telex:8589960. he Netherlands Tel: 
040-445-845. Telex:51923. Sweden Tel:08-753-6020. Telex:13839. France Tel:1-3946-9617. Telex:699499. 

ltaly Tel:02-6709108. Telex:315355. UK Tel:0908-691133. Telex:826791. Hong Kong Tel:3-755-9008. Telex:54561. 
Taiwan Tel:02-522-4192. Telex:22372. Singapore Tel:4819881. Telex:39726. Australia Tel:03-267-6355. Telex:38343. 
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TEST & MEASUREMENT INSTRUMENTS 


SPECTRUM ANALYZER 


@ Provides color display and al- 
lows color printouts 
@ Modular construction tailors per- 
formance to your application 

The HP 71000C Series of modular 
spectrum analyzers consists of four 
models. All units are built around 
a mainframe that includes four slots 
for measurement modules, a color 
display, and a keyboard that pro- 
vides 1-key access to commonly 
used measurement functions. The 
keyboard also lets you define key- 
stroke sequences that you can in- 
voke with a single keypress. You 
can obtain color printouts of screen 
displays using the vendor’s Paintjet 
printer. A data buffer permits the 
analyzers to continue gathering 
data while a printout is in progress. 
The analyzers have phase noise of 
—108 dBm at an offset of 10 kHz 
from the carrier. The units interface 
via IEEE-488 to external mass- 
storage devices, allowing quick 


storage and recall of data, measure- 
ment setups, and_ user-defined 
menus. HP 71100C RF spectrum 
analyzer, $45,000; HP 71200C 
microwave spectrum analyzer, 
$50,000; HP 71210C high-sensitiv- 
ity microwave spectrum analyzer, 


$78,000; HP 71400C lightwave spec- 
trum analyzer, $98,325. Delivery, 
12 weeks ARO. 

Hewlett-Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 
95014. Phone (800) 752-0900. 

Circle No 421 


VISION SYSTEM 


® Consists of hardware and menu- 
driven software 
® Works with IBM PC, PC/XT, PS/ 
2-30, and compatible computers 
The CSD-Vision package consists of 
a solid-state camera with a 35-mm 
f/1.7 lens, a frame grabber, a VGA 
(Video Graphics Array) display 
adapter, and menu-driven software 
for visual inspection and picture 
scanning. In addition to its primary 
intended use in visual inspection, 


202 


the product operates as a scanner 
for desktop publishing. It can store 
images on disk in four formats. Al- 
ternative hardware and software 
can customize the system for spe- 
cific applications. $4995. 

CSD International Inc, Box 10B 
Mohawk Trail, Shelburne Falls, 
MA 01870. Phone (418) 625-9736. 

Circle No 422 


FUNCTION GENERATOR 


@ Produces sine, square, and trian- 
gular waves from 0.5 Hz to 5 
MHz 

@ Includes sweep capability and 
frequency counter 

The 3026 sweep/function generator 

produces sine, square, and triangu- 

lar waveforms from 0.5 Hz to 5 

MHz. The unit produces continuous 

and gated-burst outputs. It offers 

variable sweep width and rate, a 


ramp output to drive a scope, vari- 
able de offset, and the ability to in- 
vert waveforms and to produce 
variable duty-cycle waveforms. A 3- 
step attenuator and a variable at- 
tenuator control the output level. 
A counter with four gating times 
and a 5-digit LED display can indi- 
cate the output frequency or the 
frequency of external signals to 10 
MHz. $595. 

B&K Precision, 6470 W Cort- 
land St, Chicago, IL 60635. Phone 
(312) 889-9087. 

Circle No 423 
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VIBRATION CONTROL 


@ Provides closed-loop control for 
shake tables 
@ Supplies complex random vibra- 
tion signals 
The SI 1215 provides closed-loop 
control to complex dynamic struc- 
tures that use as many as eight in- 
dependent parallel channels. The 
modular, upgradeable unit, which 
supports testing in accordance with 
MIL-STD-810D, supplies complex 
random signals and can resolve 1000 
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discrete frequencies between 50 Hz 
and 10 kHz. The system includes 
an IEFEE-488 port and two RS-423 
serial ports; it can use HPGL 
(Hewlett-Packard Graphics Lan- 
guage) to control a serial-interfaced 
plotter. Options include a floppy- 
disk drive and an internal graphics 
strip printer. From $24,900. Deliv- 
ery eight weeks ARO. 
Schlumberger Instruments, 20 
North Ave, Burlington, MA 01808. 
Phone (800) 225-5765; in MA, (617) 
229-4825. FAX 617-229-4885. 
Circle No 424 


8096 EMULATOR 


e Supports 8098, 8095BH, 8096BH, 
8097BH, 80196, and 80197 wPs 

® Includes two 4k x 88-bit trace 
buffers 

The HMI-200 Series now includes 

an in-circuit emulator that supports 

the 8096 and 80196/80197 wP fami- 


Optical Encoder Breakthrough! 
THE E20 SERIES 


Finally, an optical encoder that has all the options 
- and starts at just $89 for one! 


® Quadrature output STANDARD 

# Index STANDARD 

®# Open collector complementary outputs STANDARD 
® Resolutions available up to 2540 PPR STANDARD 
= Proven BE! quality STANDARD 

= Unconditional moneyback guarantee STANDARD 


For applications that require a 26LS31 line driver, 
the Model E206 offers RS422 compatibility. 


Best of all, you can get 4-week delivery. 
CALL TOLL FREE TODAY... 1-800-ENCODER. 
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lies and such devices as the 8098, 
8095BH, 8096BH, 8097BH, 80196, 
and 80197 in both NMOS and CMOS 


versions. The emulator contains 
two 4k x 88-bit trace buffers that al- 
low 16 external trace bits and 32 
bits of time-tag data. It comes with 
64k bytes of emulation memory. 
You can expand this RAM to 256k 
or 1M byte of bank-selected mem- 
ory. As an option, the vendor offers 
its Sourcegate high-level-language 
debugger, which supports C, PL/M, 
and Pascal compilers from more 
than a dozen vendors. The debug- 

Text continued on pg 206 


BEI MOTION SYSTEMS COMPANY 
Computer Products Division 


1755-B La Costa Meadows Drive = San Marcos, CA 92069 
Tel: (619) 471-2600 = Fax: (619) 471-2675 
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Prime resonators 


Surface-acoustic-wave 
expertise and technology 
from a leader in the field 


SAW resonators on quartz from 
Siemens work in a fundamental 
mode covering frequencies from 
200 through 1000 MHz. | 

This makes them excellent solu- 
tions for demanding telecom 
applications when you're imple- 
menting narrowband filters or 
frequency-determining elements 
in oscillators. 


Being on quartz they give you 
extra benefits like 

e aging rates of as little as 

+ 5 ppm/ year, 

e very low dependence 

on temperature, 

e high Q of typically 6000. 


And because they're SAW-based 
you get 

e significant reductions in single- 
sideband phase noise, 

e extremely precise structures 
through the unique lift-off 
process, 
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A19100-PR200-X-X-7600 


e center-frequency tolerances 
of + 300 ppm with standard 
products and + 50 ppm with 
hi-rel devices. 


So if you’re into designing remote 
controls, security systems, high- | 
precision measuring instruments, 
radio-relay or satellite communi- 
cations or even radar, start your 
application off with the best 
vibrations from the Siemens 
spectrum of SAW devices. 


For more information contact 

your nearest Siemens sales office 

or write: | 
Siemens AG, 

Division Passive Components | 
and Electron Tubes, PR VF | 
BalanstraBe 73, 

D-8000 Munchen 80, 


West Germany 
quoting “Prime resonators”. 


The components make it - 
Siemens 
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ATE & CIM 


an integrated concept 


You want 

test stations, 

robot systems, 

quality management, 

CAD and CAE 

all integrated into 

a CIM concept. Well, that is where 
Rohde &Schwarz’s allround 
know-how in test and measurement 
engineering can stand you 

in good stead. 


Just think of the versatile 

range of future-oriented 

test strategies offered by the 
TSP Performance Test Station, 
if you are looking for an ATE 
olus CIM solution with excellent 
price/performance ratio. 


Write or call for full details. 


Rohde & Schwarz ; 

Postfach 80 14 69 

D-8000 Muenchen 80 

Federal Republic of Germany 

ops ROHDE & SCHWARZ 
Tel. internat. + (49 89) 41 29-0 
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ger lets you set up on-screen win- 
dows that monitor source code, as- 
sembly code, and specified memory 
locations. A performance-analysis 
option operates in real time. Emula- 
tor, $4995; performance analysis, 
$2495; debugger, $1500 for MS- 
DOS and $3000 for Sun and Apollo 
workstations. 

Huntsville Microsystems Inc, 
Box 12415, Huntsville, AL 35802. 
Phone (205) 881-6005. FAX 205- 
882-6701. 
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PLD TEST GENERATORS 


@ Versions produce vectors for pro- 
grammers and IC and pc testers 
@ $495 entry-level package sup- 
ports 23 devices with <2700 fuses 
The 810, S20, S30, 881, S40, and 
S41 are test-vector generation soft- 
ware packages for PLDs. The S10 
and S20 produce vectors for device 


Dual Lock™ brand Reclosable Fasteners 


With 3M’s reclosable fasteners, access panels and 
doors simply pull open and push shut. These 
fasteners have a strong, pressure sensitive adhesive 
backing for immediate attachment and long-term 
performance. They replace cumbersome and 
unsightly conventional fasteners, eliminating the 
need to drill holes and refinish surfaces. So produc- 
tion is faster, manufacturing costs less and access 


is easier. 


programmers. The $30 and 831 pro- 
duce vectors usable on IC testers. 
The S40 and 841 produce vectors 
that work on pc-board testers. The 
vendor can configure the $30, S31, 
540, and $41 to create vectors us- 
able on 85 test systems. The S831 
and S41 run on 80386-based com- 
puters and support devices with as 
many as 60,000 fuses. The computer 
must have 1M byte of RAM for 
every 6000 fuses. The other pack- 
ages run on any MS-DOS-based 
computer with 640k bytes of RAM 
and support devices with as many 
as 6000 fuses. As with the vendor’s 
earlier software, the vector sets do 
not require initializing or preload- 
ing the device under test. S10, $495; 
820, $2995; S30 and 840, $4995; S31 
and S841, $6995. 

Anvil Software, 427-3 Amherst 
St, Suite 391, Nashua, NH 03063. 
Phone (603) 891-1995. 
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Faster fasteners for 
access panels. 


AC POWER SOURCES 


© Supply single-phase power to 4.5 
kVA; 3 phase to 13.5 kVA 
® Include waveform generator and 
storage for 64 waveforms 
The 3100 Series precision ac power 
sources are intended for testing 
line-operated power supplies. The 
sources furnish as much as 4.5 kVA 
to single-phase loads and 18.5 kVA 
to 3-phase loads. The units include 
a waveform generator that allows 
you to create custom waveforms by 
defining sequences of _prepro- 
grammed waveforms. A high-speed 


Scotchmate™ brand Hook and Loop Reclosable Fasteners 


Name 


| 

| 

| 

| Company 
| Address 
| 


City 


mail to 3M Industrial Specialties Division, 3M Center Bldg. 220-7E-01, 
St. Paul, MN 55144-1000. 


Phone 


©1989 3M. “Scotchmate” and “Dual Lock” are registered trademarks of 3M. 
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subsystem permits measurement of 
output voltage, positive and nega- 
tive peak current, inrush current, 
rms current, and true power. You 
can control operation from the front 
panel or via an IEEE-488 interface. 
From $8995. Delivery, 12 to 16 
weeks ARO. 
3H Industries, 1701 Rollins Rd, 
Burlingame, CA 94010. Phone (415) 
692-8001. FAX 415-692-8044. 
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EMULATION TOOLS 


@ Support Intel, Motorola, AMD, 
Siemens, and Fujitsu wPs 
@ Run on IBM PCs and the ven- 
dor’s 9000 Series 300 computers 
The HP 64700 Series wP develop- 
ment tools now support 45 members 
of the 8051 family, including CMOS 
versions, from Intel, AMD, Sie- 
mens, and Fujitsu. The emulator 
supports real-time, zero-wait-state 
program execution to 12 MHz. Its 
128k bytes of dual-port emulation 
memory cover the full program and 
data space. The emulator can be 
hosted by an IBM PC or compatible 
computer or by an HP 9000 Series 
300 machine. Emulation for the Mo- 
torola 68HC000 in either DIP or 
pin-grid packages now runs at 16 
MHz with either 128k or 512k bytes 
of emulation memory. Owners of 
the vendor’s older 12-MHz emula- 
tors can upgrade. The HP 64000- 
UX emulator, which is hosted by 
an HP 9000 Series 300 computer, 
now supports the 80386 wP at 20 
MHz with one wait state or at 16 
MHz with zero wait states. 512k 
bytes of emulation memory is map- 
pable over the 386’s 4G-byte ad- 
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dress space in 256-byte increments. 
8051-family tools, $13,975 to 
$16,675; 68HC000 emulation sub- 
systems, $14,350 to $23,250; 80386 
emulation subsystems, $22,500 to 
$26,800. 

Hewlett-Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 
95014. Phone (800) 752-0900. 
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LCR BRIDGE 

@ Measures L, C, R, D, and Q to 
0.1% 

@ Operates at 14 Hz, 100 Hz, and 
10 kHz 

The 6458 LCR bridge measures in- 

ductance (L), capacitance (C), resis- 

tance (R), dissipation factor (D), 

and quality factor (Q). The 19-in.- 

wide unit is 3’2 in. high. The vendor 

supplies it with either front or rear 

test connections. The unit performs 

measurements at 14 Hz, 100 Hz, 


and 10 kHz and presents the results 
on a5-digit high-brightness display. 
It can make 4-terminal measure- 
ments and includes a 2V bias source 
and a capacitance zero feature to 
offset stray capacitance. Accesso- 
ries include a logging and analysis 
software package for IBM PCs. 
£1295. 

Prism Electronics Ltd, Burrel © 
Rd Industrial Estate, St Ives, | 
Huntingdon, Cambridgeshire PE17 
ANF, UK. Phone (0480) 62225. 
FAX 0480-494047. 
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Whatever your bus structure... 
Mupac should be your No. 1 choice for 


VXibus and Metric/EURObus 


e Proven multilayer transmission line 


design ensures signal integrity at 
tomorrows higher data rates 


e Industries most complete quality 


standards including 100% System-level 


“THRU CONNECTOR” Test 


Increase Your Design Capabilities ... 
Make MUPAC Your No. 1 Choice 
for BACKPLANES. 
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BACKPLANES 


e VMEbus, Multibus, Multibus II, SUNbus, 


aerate See a 


E23 e 


Mupac Corporation 

A Carlo Gavazzi Company 

10 Mupac Drive, Brockton, MA 02401 
Tel (508) 588-6110 

Outside MA 1-800-225-0398 “ 

Fax (508) 588-0498 
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NEW PRODUCTS 


CAE & SOFTWARE DEVELOPMENT TOOLS 


AUTOROUTER 


® Can route all layers or any pair 
of layers at one time 

@ Handles SMT designs 

Rip-N-Route gives you precise con- 
trol of routing strategies and in- 
cludes an optimizer to guarantee 
maximum manufacturability. The 
router is fully compatible with the 
vendor’s Master Designer product. 
You can at one time route any pair 
of layers together or all layers si- 
multaneously. In addition, you can 
confine the routing to a specified 
window. Automatic via _ fanout 
(stringer generation) for SMT de- 
signs can save you hours of manual 
editing. You can select uniform and 
nonuniform routing grids, separate 
via grids, and multiple trace 
widths. To maximize channel utili- 
zation, you can specify 45° beveling 
either during routing or as a post- 
process. The router is fully inter- 
ruptible and re-entrant at any time 
during the process. The menu- 
driven interface allows you to cus- 


LOL GEE 


tomize the routing for specific tech- 
nologies and design styles; on-line 
help is instantly available for all 
menu items. The package runs on 
IBM PCs and compatibles. The To- 
tal Route package, which includes 
Autoplace, Master Router, and 


Rip-N-Route, costs $6495; Rip-N- 
Route is available separately as an 
upgrade for $1995. 

P-CAD, 1290 Parkmoor Ave, San 
Jose, CA 95126. Phone (408) 971- 
1300. 
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VLSI LAYOUT TOOL 


@ Synthesizes each layout from a 
small set of primitives 
@ Can be used with any fabrication 
process 

AutoCustom is a VLSI layout pack- 
age that synthesizes each layout 
from a small set of primitive struc- 
tures. It builds gates and other de- 
vices on-the-fly, and needs no cell 
library. Typical circuits are two to 
three times smaller than equivalent 
circuits implemented with standard 
cells, thereby reducing chip area 
and cost. The technology also re- 
duces crosstalk and increases Immu- 
nity to latchup. Because the layouts 
are scalable, you can use the pack- 
age with any fabrication process 
once you have entered the appropri- 
ate process parameters and design 
rules. The package currently runs 
on Apollo Domain workstations and 
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costs $4995; other versions for Sun 
workstations and 80386-based ma- 
chines are in preparation. 
Integrated Circuit Technology 
Inc, 22691 Lambert St, Suite 514, 
El Toro, CA 92630. Phone (714) 
581-7195. FAX 714-581-7196. 
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ASIC SIMULATOR 


@ Provides logic and fault simula- 
tion for cells and gate arrays 
@ Runs on Mach 1000 hardware ac- 
celerator 
The Necsim system provides accel- 
erated logic and fault simulation for 
ASIC design and verification. The 
system can handle a wide variety 
of complex standard cells and gate 
arrays and, because it runs on 
Zycad’s Mach 1000 accelerator, the 
simulations run much more quickly 


than they would on mainframes or 
larger workstations. The system 
works with the vendor’s 1.2- and 
1.5-~m CMOS libraries, and you 
can use it to qualify new products, 
including the vendor’s advanced 
ECL and BiCMOS arrays. $23,800 
per site. 

NEC Electronics Inc, Box 7241, 
Mountain View, CA 94039. Phone 
(415) 960-6000. TWX 910-379-6985. 
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PC DIAGNOSTIC TOOL 


© Automatically identifies proces- 
sor and type of bus 

@ Includes hardware checks and 
low-level formatter 

The QAPlus is a menu-driven diag- 

nostic tool for IBM PCs, PS/2s, and 

compatibles. One version runs on 

all systems and automatically iden- 
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CAE & SOFTWARE 


tifies the processor and bus type, 
as well as the presence or absence 
of a math coprocessor. The hard- 
ware-configuration checks report 
the amount of base, extended, and 
expanded memory; the video mode 
you're running; and the capacity of 
all floppy and hard disks. The CPU 
test checks the processor, DMA/Mi- 
ero Channel Architecture (MCA) 
channels, interrupt controllers, 
clock/ealendar operation, and the 
protected mode of operation on 
80286- and 80386-based systems. 
The memory test provides a wide 
variety of write patterns to ensure 
that all memory errors are found, 
including parity errors and bent 
pins; the report explicitly identifies 
each bad chip. Other tests include 
a keyboard test (including mouse 
and joystick tests), a video test, and 
a low-level hard-disk formatter that 
allows you to select the interleave 
interval and to edit bad-track ta- 


bles. Benchmarks report CPU per- | 


formance (in Dhrystones), math 
performance (in Whetstones), sys- 
tem speed (in megahertz), and 
video performance. The program 
reports all errors in English (not 
numeric codes) and suggests the 
most likely causes of each error. 
$134.95. 

DiagSoft Inc, 6001 Butler Lane, 
Scotts Valley, CA 95066. Phone 
(408) 488-8247. FAX 408-488-7113. 
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Z8 DEBUGGER 

@ Lets you debug Z8 code on an 
IBM PC 

® Handles both C and assembly- 
language source code 

The Micro/SLD-Z8 symbolic debug- 

ger executes Z8 machine code on 


an IBM PC or compatible develop- 


ment host. The built-in simulator 
means that you don’t need any addi- 
tional hardware, such as the target 
system or an in-circuit emulator, to 
debug your programs. You can step 
through programs written in C or 
assembly-language (or a combina- 
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BYTEK 135H 


Universal MultiProgrammer™ 


DATA |/O 288 Performance 
PLUS PLD Support !! 


100% USA Made. 


Model Shown: 
135H-U 
with optional 


LOGICel. 


* Model 135His a GANG & SET (E)EPROMProgrammer. 

* Programs virtually all EPROMs & EEPROMs up to 2048K. 

* Universal support includes Bipolar PROMs & EPROM Emulation. 
* GANG Options for 40-pin MICROs & 40-pinEPROMs !! 

* Stand-alone or Computer Remote Control operation. 

* 12 Month WARRANTY & 12 Month FREE Field Device Updates. 
* Supports OrCAD™'s new PLD Tools Software. 


Bly|TlelK 1-800-523-1565 


In Florida: (407) 994-3520 


BYTEK Corporation « 508 N.W. 77th St, Boca Raton, FL 33487 
FAX: (407) 994-3615 « Telex: 4998369 BYTEK 


* DATA I/O is a registered trademark of DATA I/O Corporation. 
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Whatever your bus structure... 
Mupac should be your No. 1 choice for 


ENCLOSURES 


e Rackmount, desktop and Tower 
Style powered enclosures 


e VMEbus, Multibus, 
Multibus II, SUNbus 
and VXIbus high perform- 
ance backplanes 


e Power supply options from 
160W - 1000W 


e Designed to exceed UL, CSA, 
and TUV. requirements 


Increase Your Design Capabilities ... 
Make MUPAC Your No. 1 Choice 
for ENCLOSURES. 


Mupac Corporation 

A Carlo Gavazzi Company 

10 Mupac Drive, Brockton, MA 02401 
Tel (508) 588-6110 

Outside MA 1-800-225-0398 

Fax (508) 588-0498 
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@ MuUPAC 


CAE & SOFTWARE DEVELOPMENT TOOLS 


tion of both) line by line, or run at 
full speed until the debugger en- 
counters a breakpoint in the code 
or data. Separate windows display 
the source code as well as the con- 
tents of Z8 hardware registers and 
data variables stored in memory. 
The debugger works with the ven- 
dor’s Micro/C cross-compiler and as- 
sembler package, or with any as- 
sembler that can generate output 
in Intel Hex format. The debugger 
supports 19 versions of the Z8, in- 
cluding CMOS parts, and handles 
all on-chip devices such as the 
UART, timers, and interrupt con- 
troller. $295. 

Micro Computer Control Corp, 
Box 275, Hopewell, NJ 08525. 
Phone (609) 466-1751. FAX 609- 
466-4116. 
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BOARD-LAYOUT TOOL 


@ Enhancements double the num- 
ber of ICs and pads you can use 
@ Provides track and vias optimi- 
zation 
PCB II is a greatly enhanced ver- 
sion of the vendor’s PCB board lay- 
out tool. A new, user-definable, 
memory-allocation system lets you 
include as many as 270 (instead of 
130) ICs and 6000 (instead of 1850) 
pads in your design, all within 640k 
bytes of RAM. The package per- 
mits manual routing, but a new 
analysis and rip-up rerouting fea- 
ture optimizes track placement and 
minimizes the number of vias in 
your pc-board design. The docu- 
mentation has been completely re- 
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vised, and now includes updated tu- 
torial material and additional refer- 
ence sections. A comparison feature 
lets you check your final net list 
against the net list generated by the 
vendor’s schematic-capture  pro- 
gram. The enhanced version also in- 
cludes expanded drill-template ca- 
pabilities. $1495. 

OrCAD Systems Corp, 1049 SW 
Baseline St, Suite 500, Hillsboro, 
OR 97128. Phone (503) 640-9488. 
FAX 508-640-6491. 
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CAD FOR MACINTOSH 
@ Maintains a heerarchy of sche- 
matic block diagrams 
@ Rule checking ensures consis- 
tency 
Macstile is a schematic-capture and 
system-design tool that runs on the 
Macintosh personal computer. The 
package maintains a hierarchy of 
schematic block diagrams called 
“blueprints,” each of which de- 
scribes how a component is con- 
structed from other components. 
Associated text can record design 
decisions and other important de- 
tails of implementation. The pro- 
gram is menu-driven and can sup- 
port a variety of design methodolo- 
gies, including object-oriented de- 
sign, structured design, flowcharts, 
control-system block diagrams, and 
logic design. $199. 

Software Originals Inc, 5442 
Monroe St, Toledo, OH 43623. 
Phone (419) 885-8747. 
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LANGUAGE TRANSLATOR 


@ Translates from any program- 
ming language to any other 
© Lets you implement compilers, 
assemblers and macroprocessors 
Metamorphosis is a generic com- 
puter program that runs on IBM 
PCs and compatibles that have at 
least 416k bytes of RAM and two 
disk drives. When given files con- 
taining the syntactical definitions of 


a source language and a target lan- 
guage, the program can translate 
programs written in the source lan- 
guage to functionally identical pro- 
grams written in the target lan- 
guage. You can use the generic ver- 
sion to implement compilers, assem- 
blers, macroprocessors, and query- 
language processors; to reformat 
character-oriented database files; to 
analyze grammar and to analyze 
and convert sequential to parallel 
procedures; and to perform many 
other conversion tasks. In addition 
to the generic version ($387), you 
can obtain three prepackaged trans- 
lators to convert from Fortran IV 
to C ($87), from PL/I (Subset G) 
to C ($87), and from CMS-2M to 
Ada ($1384). | 
Shannon Associates Inc, Box 
597, Chapel Hill, NC 27514. Phone 
(919) 929-6863. 
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THERMAL ANALYZER 


@ Lets you locate hot spots in your 
design 
® Model accounts for voids in sol- 
der between two layers 

Thermal Analysis—a software 
package that runs on IBM PCs and 
compatibles—allows you to perform 
thermal analysis on designs for IC 
hybrids, power supplies, and power 
hybrids. The program lets you lo- 
cate potential hot spots in mul- 
tichip, multilayer, and high-density 
packages at an early stage in the 
design cycle. The model also ac- 
counts for voids in the solder joining 
two or more layers; an option lets 
you take into account direct bond- 
ing. You can display the results of 
the analysis either as thermal resis- 
tance or as temperature contours 
on graphical outlines of the device 
under test. $1980. 

Heat Transfer Research & De- 
velopment Ltd (HTRD), 1010 W 
Lonnquist Blvd, Mt Prospect, IL 
60056. Phone (812) 577-5967. FAX 
312-577-4229. 
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Rae ee ee 
Be An Author! 


When you write for EDN, you 
earn professional recognition. 
And you earn $75 per published 
magazine page. 


EDN publishes how-to design 
application information that is 
read by more than 137,300 elec- 
tronics engineers and engineer- 
ing managers worldwide. That’s 
an audience that could belong 
to you. 


If you have an appropriate arti- 
cle idea, send your proposal and 
outline to: John Haystead, 875 
Washington Street, Newton, MA 
02158-1630. 


For a FREE EDN Writer’s Guide 
—which includes tips on how to 
write for EDN and other techni- 
cal publications—please circle 
number 800 on the Information 
Retrieval Service Card. 


EDIN 


First in Readership among Design 
Engineers and Engineering Managers 
in Electronics. 


SM8513 
Async/Sync Converter 


The SM8513 converts asynchro- 
nous format data into synchronous 
format or vice versa for 8.9, |Oand 
11 bits characterlength applicable 
to 600, 1.2k, 2.4k, 4.8k, 7.2k, 9.6k, 
14.4k and 19.2k bit/s modem sys- 
tems. This converter supports CCITT 
basic signaling rate range and ex- 
tended signaling rate range. The 
SM8513 is manufactured using 
MOLYGATE (© 4° — § ®) CMOS 
process and is housed in a 16-pin 
DIP package. 


For complete product information please 
contact Greg Branch, Sales Director. 


a SEPONIX 


2151 O'TOOLE AVE., SUITE L 
SAN JOSE, CALIFORNIA 95131 
TEL:408-922-0133 © 1-800-237-4590 © FAX:408-922-0137 


SV AP — f @ saregistored trademark of NPC Ltd. 
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Whatever your bus structure... 
Mupac should be your No. 1 choice fo 


WIREWRAP fy 
BOARDS 


e VMEbus, Multibus, Multibus II, SUNbus, 
VXIbus, PC/AT, NUbus or Custom 


e Patented four layer design maximizes 
power distribution and increases 
capacitance 


e Wide choice of pin patterns and boards 
to meet specific design requirements 


Lf 
Increase Your Design Capabilities ... “wv TT LU = Hi ha 
Make MUPAC Your No. 1 Choice 


for WIRE WRAP BOARDS. 


Mupac Corporation 

A Carlo Gavazzi Company 

10 Mupac Drive, Brockton, MA 02401 
Tel (508) 588-6110 

Outside MA 1-800-225-0398 

Fax (508) 588-0498 
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ELEPERATURE 


Details on programming 
a network interface card 


The vendor’s application note, 
Ziatechniques 6, “Developing soft- 
ware for an Arenet network inter- 
face,” tells you how to program an 
Arcnet interface board. The 10-pg 
note contains detailed code exam- 

ples and timing calculations. 
Ziatech Corp, 3483 Roberto Ct, 

San Luis Obispo, CA 93401. 
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How to select a DSO 


This 11-minute videotape, DSOs 
with a Difference, discusses digital- 
storage-oscilloscope technology and 
the features to look for when select- 
ing a scope. The tape focuses on the 
company’s PM 38335/PM 3350/PM 
3365 family of medium-frequency 
A/D storage oscilloscopes. 
John Fluke Mfg Co Inc, Box 
C9090, Everett, WA 98206. 
Circle No 411 


Ansys tutorials and 
summary available 


Nine tutorials delineate the fea- 
tures of the Ansys program, rev- 
ision 4.4, as well as the 1989 2-vol- 
ume set, Ansys Conference Pro- 
ceedings, which contains 96 of the 
99 technical papers delivered at the 
4th International Ansys Confer- 
ence. The tutorials discuss the 
Ansys finite-element-analysis pro- 
gram, and topics include nonlinear 
dynamics, acoustics, a 4-node shell 
element coupled with field analysis, 
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postprocessing, and solid modeling. 
The conference proceedings deal 
with Ansys applications in the aero- 
space, automotive, and electronics 
businesses; interfaces to CAD pro- 
grams; university projects; and 
management and legal issues. Tuto- 
rials, $8 to $20; entire set, $60; pro- 
ceedings, $60. 
Swanson Analysis Systems Inc, 
Box 65, Houston, PA 15342. 
INQUIRE DIRECT 


Flyer highlights 
token-ring analyzer 


This 6-pg pamphlet provides an 
overview of the vendor’s Interview 
1000 token-ring network analyzer, 
which provides information on net- 
work utilization, configuration, er- 
rors, and network management. 
The publication shows how the ana- 
lyzer can benefit you if you plan to 
install a token-ring local-area net- 
work. 

Atlantic Research Corp, 
Teleproducts Div, 7401 Boston 
Blvd, Springfield, VA 22158. 

Circle No 412 


Microprocessor manual 
illuminates software tools 


The vendor’s latest user manual de- 
tails software development tools for 
embedded microprocessor systems. 
The multicolor publication comes in 
a 3-ring binder that features pock- 
ets in the front and back for docu- 
ment storage. 
Introl Corp, 647 W Virginia, Mil- 
waukee, WI 53204. 
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Selecting 3-D molded circuits 


This 8-pg brochure, which discusses 
3-D molded-circuit products, covers 
the vendor’s complete range of re- 
lated design services and produc- 
tion resources in the areas of mold- 
ing, imaging, and plating. Applica- 
tions include multiplanar circuits, 


right-angle circuits, and chip-on- 
board and plated 3-D structures 
used as antennas. 

ICI Electronics, 
DE 19897. 


Wilmington, 
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Brochure presents 
system-switching modules 


Thirty-two switching-matrix, multi- 
plexing, and scanner modules are 
described in this 25-pg brochure. 
This publication also provides a 


switching-matrix-card selector 
guide with information about switch 
type, card configuration, maximum 
switching levels, contact potential, 
maximum recommended frequency, 
and common applications. Further, 
a selector guide for accessories lists 
connector kits, tools, and adapters, 
as well as other accessories, and de- 
tails their applications. 
Keithley Instruments Inc, 28775 
Aurora Rd, Cleveland, OH 44139. 
Circle No 415 


Displays of noise-figure and 
scalar parameters combined 
A 2-pg product note (8970B/S-4) 
“Displaying HP 8970B Noise Fig- 
ure Meter Measurements on the HP 
8757 Scalar Network Analyzer,” 
spotlights the setup, capabilities, 
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MITWAUKEE UNITED KINGDOM 


We've added more bowlers 
to our plant capacity. 


World-wide demand for innovative Hoffman enclosures 
has reached an all-time high. To meet that demand, weve 
built a plant in the United Kingdom and acquired a modern, 
high volume manufacturing facility in Milwaukee. Together, 
this international capacity gives us the increased production 
needed to reduce lead times and put advanced enclosure 
technology in the hands of your designers sooner. 

We've made some other innovations, too. They’re in our 
new brochure. For your copy and brief product information, 
just drop us a line. 


we OMPANY 
ENGINEERING C . Circle 114 for Sales Assistance 


900 Ehlen Drive, Anoka, MN 90303 Circle 115 for Information 
Phone: 612-421-2240 


LITERATURE 


and operation of the equipment. 
The note shows how to use the sca- 
lar network analyzer’s CRT display 
as a plotter and how you can display 
gain and noise-figure data from the 
noise-figure meter without using 
other equipment. 

Hewlett-Packard Co, 
Pruneridge Ave, Cupertino, 
95014. 


19310 
CA 
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20 GHz 
Microwave Counter 
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Microwave-counter profile 


This brochure presents the Model 
2440 10-Hz to 20-GHz microwave 
counter, which is designed for pro- 
duction and maintenance in civil and 
military communications, radio 
links, and satellites. The publication 
covers the instrument’s features 
and specifications. It also describes 
how the 2440 is designed for com- 
plex signals having high FM and 
AM tolerance and superior ampli- 
tude discrimination. 
Marconi Instruments, 3 Pearl 
Ct, Allendale, NJ 07401. 
Circle No 417 


Pamphlet describes 
12-in., 90° monitors 
This technical brochure presents di- 
mensions, photographs, a standard 
product specifications chart, and 
customizing options for the vendor’s 


214 


12-in., 90° monochrome display 
monitors. The schematics and gen- 
eral specifications help you select 
the best monitor for your applica- 

tion. 
DisplayTek Inc, 
Rd, Elgin, IL 60123. 
Circle No 418 


1355 Holmes 


Data book of amplifiers 


The 224-pg data book, entitled Mi- 
crowave and Millimeter Wave Am- 
plifiers, describes a complete line of 


military, industrial, commercial, 
and telecommunications microwave 
and millimeter-wave-amplifier prod- 
ucts. Introduced in this issue are a 
line of microstrip gain modules, as 
well as a wide range of high-power 
amplifiers and millimeter-wave am- 
plifiers operating as high as 60 GHz. 
Product categories include _ low- 


noise, gain-control, and power and 
limiting amplifiers; millimeter-wave 
down-converter assemblies; and 
solid-state traveling-wave-tube am- 
plifier replacements. Also covered 
are the vendor’s transceivers, satel- 
lite earth-station amplifiers, and 
high-power traveling-wave-tube ret- 
rofit products for point-to-point mi- 
crowave and cellular-radio base-sta- 
tion amplifiers. 
Avantek Inc, M/S M82, 481 Cot- 
tonwood Dr, Milpitas, CA 95035. 
Circle No 419 


nstrumentation Systems 
for Scientists and Engineers 


Mac Products 
Page 26 


Handbook of PC systems 


The 1989 PC Systems Handbook for 
Scientists and Engineers outlines 
recent, as well as standard, prod- 
ucts for PC-based data acquisition 
and process control. Included in the 
book are ADCs, multiport serial 
boards, IREE-488 interfaces, digi- 
tal-oscilloscope boards, and PC ex- 
pansion chassis for use with IBM- 
compatible computer systems. The 
write-up of recent products includes 
Micro Channel peripherals to use 
with IBM’s PS/2 line; an entire sec- 
tion covers products that run with 
Macintosh II/IIx and Macintosh SE 
machines. 
CyberResearch Inc, Box 9565, 
New Haven, CT 06536. 
Circle No 420 
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TATOO 


S.D.S.A. - CONCEPTION GRAPHIQUE 


COMPONIC is the password for a meeting with the world of electronic components. 
COMPONIC is the password to remember if you want to meet, discover and compare 


all the electronic components manufactured throughout the world. 
COMPONIC (the new name for the INTERNATIONAL ELECTRONIC COMPO- 


NENTS EXHIBITION) will take place from the 13 th to the 17 thof NOVEMBER 1989 Com OoONic 89 
at the PARIS-NORD Exhibition Center. 

; THE KEY TO YOUR 
A unique occasion not to be missed. COMPANY SUCCESS 


Organisation SDSA : 65, avenue Edovard-Vaillant - F 92100 Boulogne-Billancourt - Tél. : (33-1) 46.08.31.32 - Télex : 633018 F - Fax : (33-1) 46.08.23.12 


Mr. or Mrs. 
Address 3 Phone: 
Please send me 0) Exhibition Leaflet U Pre-catalogue 
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Now You Can Make 
Important Component Selection Decisions 


Faster and Easier 
than You Ever Imagined! 


INTRODUCING CAHNERS Imagine having up-to-date information on Learn more about how CAPS can take the 


™ more than 425,000 devices from over 375 drudgery out of your component selection 
CAPS ON THE SUN-3™ FAMILY manufacturers worldwide at your fingertips. process. Call or write: 


OF WORKSTATIONS. Think about instantly accessing crisp, clear, 


unabridged images of manufacturers’ 


THIS NEW, PRODUCTIVITY- datasheets, with the same text, tables, and 
BOOSTING ENGINEERING graphics found in the printed versions. 
TOOL AUTOMATES, Consider applying the power of menu-driven 
ACCELERATES. AND parametric searches that can identify devices 


which conform to your specifications. 


OPT IMIZES THE SELECTION This is CAPS. It’s new. It’s different. And it Cahners Technical Information Service 
OF INTEGRATED CIRCUITS gives you all the information you need to 2/2 WASTE OEE | 


Newton, Massachusetts 02158-1630 


AND SEMICONDUCTORS. make critical component selection decisions. Telephone: 617-558-4960 


Available ona subscription basis and updated Facsimile: 617-969-6949 
CAPS WILL CHANGE THE WAY _ every month, CAPS comes complete with a bah aie ss 518 6606 
YOU WORK! four-disc CD-ROM reader, ready toinsallon = : 
your Sun” engineering workstation. CIRCLE NO 117 


CAPS is a trademark of Reed Publishing, USA. 
Sun is a registered trademark and Sun-3 is a trademark of Sun Microsystems, Inc. 


RODUCT MAR - 


This advertising is for new and current products. Le 


- Please circle Reader Service number ee 
_ for additional information from manufacturers. — 


Free Catalog 
For 
Connector 
Specifiers 


-LEMO’s Pocket Catalog permits connector specifiers to 


quickly determine which LEMO connectors meet their needs. 
Catalog includes tables that are organized around the main 

elements needed to specify connectors: number of contacts, 
working voltages, amps, collet ranges to accommodate cable 
OD, shell styles and insulating materials. - 

Connector families include mixed and multi contact con- 

nectors, environmentally sealed connectors, coaxial, triaxial, 
high voltage and plastic. . 
_ LEMO USA, INC. 

PO. Box 11488, Santa Rosa, CA 95406 
Phone 707/578-8811, Telex 340-933, FAX 707/578-0869 
. ~ 800-444-LEMO(5366) 
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8051, 8096, 68HC11, 68008 
_ SINGLE BOARD COMPUTERS 


# 
z 
t 
} 
3 


a ee 


We feature a series of single board 
- computers for process control 
applications. Available as bare 
boards or assembled and tested. 
_ Optional EPROM resident System 
Monitors and BASIC interpreters are 
also available. 


ALLEN SYSTEMS 
2346 Brandon Road 
~. Columbus, Ohio 43221 
614-488-7122 
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We 


‘* The Best 8051 Emulator’’ 


NEW 
8XC751 


support 
available 
now! 


5 ft. cable : : 


PC based emulators for the 8051 family 
(8051/51FA/52/31/32/44/152/451/452/535/552/8XC751 + CMOS + more... 
e PC plug in boards or RS-232 box * Program Performance analyzer 
* Pull-down menus combined with * Powerful Macros with IF-ELSE, REPEAT- 
Command-Driven User Interface. WHILE structures : 
Context sensitive help and ¢ Source Level debug for PL/M-51 and C-51 
On-Screen Editing of data * Symbolic debugging with in-line assembler 
© 20 MHz real time emulation and disassembier : 
© 128K emulation memory ¢ Execution time counter 
© 48 bit wide, 16K deep trace buffer « Trace can be viewed during emulation! 
with loop counter ; 
PRICES: 32K Emulator for 8031 $1790 4K Trace $1495* 
CALL OR WRITE FOR FREE DEMO DISK! 


“US. only Ask about our demo VIDEO! 


nOoH au 51 E. Campbell Avenue 


Campbell, CA 95008 
CORPORATION 


FAX (408) 378-7869 
(408) 866-1820 


CIRCLE NO 326 


Logic Synthesizer 


Whether you design with gate arrays, 
programmable logic or random logic, you ~ 
need BOOL™ to tackle tight designs. 


@ BOOL converts a behavioral description of 
combinatorial logic or state machines into 
boolean equations. 


@ Extracts the don't care set from the input 
description for use in minimizing the hardware - 


a feature unique to BOOL which guarantees the 


most optimal implementation. 


B Accepts as input: Behavioral descriptions, state 
machine specifications and boolean equations. 
Supports bus arithmetic, function calls, flow 


control statements, indexed variables and more. 


@ State of the art minimization algorithms, 
including absolute minimization and Espresso - 
can handle complex designs with hundreds of 
product terms in minutes. 


Hf Built in simulator. 


BOOL is just $390 for the IBM/PC/XT/AT/PS2. 
30 day money back guarantee. 


GD Cornell Design Tools, 
761 Cornell Drive, Santa Clara, CA 95051 
Phone: (408) 984-0777 Fax: (408) 748-1826 
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See EEM 88/89 


Motion Control / Vision Systems® 
ASS ADVANCED MICRO SYSTEMS, INC. 
1 Hudson, NH 03051-9989 e 1-603-882-1447 ext 426 


PC BASED UNIVERSAL. 


Programs EE/EPROMs, PALs, GALs, IFLs, EPLDs, MICROs, BIPOLARs. | 
e Software driven pin drivers. D/A generated programming voltages. = 
e Upgradeable for virtually any future programmable devices upto 40 pins. = 
e Self-subsistent operation. No additional modules or plug-in adapters required. 
e Includes user friendly MEMORY BUFFER FULL SCREEN EDITOR, ~ 
Friendly Menu-Driven interface. Device selection by P/N and manufacturer, 
e Supports 8/16/32 bit word, Intelligent I & I, Quick Pulse programming. = 
e Functional testing, Register-Preload, FUSEMAP EDITOR for logic devices. 


© File formats accepted: Intel Hex 86/88, Tetronix Hex, MotorolaS,JEDEC. = 


e@ Customer support via voice line, dedicated BBS or fax. Full 1 year warranty. 
e Base price includes Interface card, cable, Memory device library and 1 year. 


free updates. Additional Device Libraries (Logic, Micros, Bipolars) $95ea, 


-e Libraries updates available every 6 mo. and can be received via floppy or BBS. 


(PC BASED SSOCKET == (| —Ot”w 
GANG PROGRAMMER _ $595, 

Handles all memory devices to 32 pins. (Ugradeable up to 8 megabit parts). 
e FULL SCREEN BUFFER EDITOR plus all applicable features from above. 


e Customer support via voice line, dedicated BBS or fax. Full 1 yearwarranty, 
e Includes PC Interface card, Memory device library and1 year freeupdates. = 


MC/ VISA / AMEX -— Calltoday for datasheets! 
~B&C MICROSYSTEMS INC. _ 
355 WEST OLIVE AVE., SUNNYVALE, CA 94086 

TEL: (408) 730-5511 
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To advertise in Product Mart, call Joanne Dorian, 212/463-6415 


Bev BROGRAMMER $595-895 ss | 


FAX: (408) 730-5521 oe 


Seed YJE680 Universal 
IC Programmer 


Programs PROMs, EPROMs, EEPROMs, 
— PALs, GALs, RALs, EPLDs and PEELs 
JE680 Features: 
¢ Stand-alone or computer controlled modes w/ 
MS-DOS menu-driven software (included) 
¢ Parallel and RS232C interface ports 
« Auto-Sense™ of IC insertion 
* Supports/translates between 18 data formats 
¢ Full functional test on logic devices 
* Over 400 IC definitions in ROM - no personality 
modules needed 
« JEDEC standard supported, accepting input 
from virtually all major software packages 
¢ One-Year Warranty 
Listing of over 400 programmable devices 
and 74-page catalog available upon request! 


STOP NOISE IN PGA, LCC PACKAGES 


FREE 
pence 


NEW 1989 
CATALOG 


(908 


ate 
Scr 


3.5/4.5 Digit LED & LCD 
Digital Panel Meters 
e Low Power Consumption (1 Watt, typ) 
e Fast, Unique Mounting Arrangement 
e User Selectable Decimal Point Placement - 
: at na a MICRO/Q 3000 decoupling capacitors stop 
¢ Full Differential Input low-inductance, high-frequency noise 
for PGA, LCC packages on complex board 
Al st Ji Ex layouts. Fit them neatly under PGA or 
a Midibaaes ee ae hiocse trom many pinout coniteuralions 
ish Bivd. 
ee ee dal Rogers Corp., 2400 S. Roosevelt St., 


Taunton, MA O278O0 
(508) 880-3660 TLX: 503989 Tempe, AZ 85282. 602/967-0624. 


DIGITAL PANEL MOUNT ENCLOSURES 
VOICE 
MODULE 


*VOICE WARNING *VOICE MEMO *VOICE GUIDING 
Have Your Systems Right To 


66 55 — e Depths 6 ae" 
T A L 44 < : e Any depths, 10 or more 
e Satin, clear anodize 
* Multi Channel * DRAM, SRAM, EPROM : finish 


* Low Cost * Best Quality x e Lock-in panel-mount 
e Modifications and 


Your #7 source for voice products! DIN ANS screen printing available 


awe & ee GS Dd cli yon FREE CATALOG 


Engineering & Products, Inc. 72x 144 mm_ 67 x 136 mm 
ee 96 x 192 mm 91 x 184mm 
515 S. Palm Ave., *5, Alhambra, CA 91803 96x 96mm 91x91mm 955 Marion Road 
Tel: (818) 570-0058 @ Fax: (818) 576-8748 184 184mm Columbus, Oh 43207 
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Cfor the 8051 
Compare: 


Benchmark Results —Sample program: 
Eratosthenese sieve Program from BYTE (1/83), 
expanded with I/O and interrupt handling. 


JE680 Universal IC Programmer $1799.95 


Jameco Electronics * 1355 Shoreway Road, Belmont CA 94002 
* Phone (415) 592-8097 * FAX (415) 592-2503 


EDN 
Product Mart 
Provides 
Consistent 
Results 


OEM Printers 


Tiny 
Tough 
Cheap 
Fast 


Quality dot 

matrix printers 
as low as $140, less in quantity of 
100 or more. Epson head. Proven 
reliable in a variety of applications. 
Several interfaces. Battery operation 
and panel mount. Custom modifi- 
cations available. Made in USA. 


WEIGH-TRONIX* 


Archimedes 
1CC51 MCC51 FRANKLIN 
v2.20A v1.2 C51 v2.1 


12sec ~ 
29 sec 
11.45 sec 
5318 bytes 
736 


Compilation time 
Linkage time 
Execution time 
Total code size 


Sieve module 
size 


Call now for your free DEMO disk. 


$* FRANKLIN 


SOFTWARE, INC. 


888 Saratoga Ave. #2 « San Jose, CA 95129 
(800) 742-6809 or (317) 742-8428 (408) 296-8051 ¢ FAX (408) 296-8061 
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smARTWORK® PCB Software. In a fraction of the time hand 
taping requires, you can create double-sided printed-circuit 
boards with smnARTWORK and your IBM PC. The program’s 
features include continual design-rule checking, automatic 
pad shaving, a silkscreen, and text for all three layers. 
smARTWORK with autorouting is $895 (without, $495) and 
comes with a 30-day money-back guarantee. Credit cards ac- 
cepted. Write or call 
Wintek Corporation 
1801 South Street, Lafayette, IN 47904 


1000 Armstrong Dr., Fairmont, MN 56031 507-238-4461 


uy EPROM & MICRO 
PROGRAMMER: 


$895 | 


it EP-A© includes: software, cable, user’s 
| manual, 2 free software update coupons, et 
| free technical support, one- eo warranty & 

| — unconditional 30. any money back eee 
| @ Programs 24-, 28-, 32- & 40-pin E/EPROMs 
| Supports 874X & 875X series microcontrollers 
| @ Connects to a standard parallel port 

| Ml Hardware to support future is to 8 Megabit 
| @ Software updates on floppy 

| @ 32-pin model, EP-II32, available for $695 


| The Engineer’s Programmer™ 
” CALL TODAY 800-225-2102 


Piaf Lit iJ 
aL  BPaeek 
se 10681 Haddington, #190, Houston, TX 77043 
713/461- 430 FAX 713/461 A133 
See us at Midcon #955 


ines NO 340 


- 960 DIGITAL I/O LINES 
ON A SINGLE VME SLOT 


_ NEW! IOEX™ BUS CONTROLLER > 


~ * 1/0 expansion bus highly immune to EMI/RFI noise. 
+ Extends up to 50 feet on unshielded ribbon cable. 
: _* 20 card slots with geographic addressing. 
_* Efficient slot vectored interrupts. 
— & Compatible with most Eurocard card cages. 
__ * Components are available for complete sub-systems. 


2 INDUSTRIAL DIGITAL SYSTEMS 


2108 W. Freeway — Fort Worth, TX 76102 
Phone (817)332-2241 
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ULTIEO PRE 


. Trace Shove and Reroute- While. Move @ Full SMT support 

®@ Autoroute by window, component or net Mf Powerful placement tools ~ 

@ 32 layer support; blind & buried vias B Backannotation; pin/gate swap 
Extended memory versions with unlimited design size and 32 bit performance aré available 
USA/Canada: ULTImate Technology Corp. @ Tel: (404) 242 - 0125 @ Fax: 242 - 6382 


UK/Ireland: ULTImate Technology (UK) Ltd. e Tel: (0734) 812030 @ Fax: 815323 
Int. Headquarters: ULTimate Technology B.V. @ Tel: (+31)2159 - 44424 @ Fax: 43345 


ULTE a0 a ASK FOR YOUR FREE DEMO DISK 


_ TECHNOLOGY 
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Redel Connectors ae 


LORAIN @ 
POWER 
DESIGN 


This 32-page application guide presents the 
full capabilities of Lorain® Megahertz 
Power™ for communications systems. Per- 
formance and mechanical specs are given for 
standard DC-DC converter modules in single 
and multiple output designs plus custom 
product information. Zero-current switching 
technology, thermal considerations, and 
other application sections are included. 


LORAIN PRODUCTS 


rohan: Lis bens seetrd hn AE EL ae PR ES Sc 
1122 F Steet RELIANCE gE 
Lorain, OH 44052-2293 COMM/TEC SS 
(216) 288-1122 


The Plastic Choice 
REDEL Features: 
e Quick Connect-Disconnect Design 
e Autoclaveable PSU Shell Material 
e Lightweight and Compact 
e Temperature & Corrosion Resistant 
¢ Color Coding and Keying Exclusivity 
e Variety of Shell Styles and Configurations 
e 2-9 Solder or Printed Circuit Contacts 
e Precision Designed and Engineered 
e Cable Assemblies 

Sold and distributed by 

LEMO USA, INC. PO. Box 11488, Santa Rosa, CA 95406 
Phone (707) 578-8811, FAX 707/578-0869, Telex 340-933. 
800-444-LEMO (5366) Please call for the rep nearest you. 
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Introducing New Low Power 
Voltage Detectors. The S-807 Series. 


INSTANT PRODUCT! 


= just add software 


Forth control 
computer 


TDS 9090 


Powerful 4" x 3" s.b. pisces pased 6 on the CMOS 
~HD6303Y. High-level Forth language. - 30 K_ 
RAM, 16 K RAM/PROM- 2K EEPROM. 
Attach keyboard, Icd, 12C peripherals. Built- in 
interrupts, multitasking, — watchdog timer, _ 

editor and assembler. 32 I/O lines,2 RS-232. 
ports. 6 - 16 volts operating at3ma. Optional10 _ 
channel, 10 bit A/D, 128K RAM, D/A, date/time — 
clock. Program with PC-compatible. Includes lots of — 
ready-made software solutions. Made in England. 
Over 3000 in use in Europe for machine control, data 
-logging, robotics, factory automation, ingore. Se 
remote monitoring,etc. 


QP reserves 


Features high precision detection tolerances (+2.5%) 
Low power consumption (1.0,A typical) 

_] Wide operating voltage range (1.0V-15V) 

_] Wide operating temperature ranges (—30°C to +80°C) 


The S-807 Series is perfect for applications 
including battery checkers, microprocessor 
resetting functions, pagers, car radios and 
more. For additional information contact: 
Seiko Instruments USA Inc 

Electronic Components Division 

2990 West Lomita Boulevard 
Torrance, California 90505 

Phone: (213) 517-7770 

Fax: (213) 517-7792 


ES] Seiko Instruments Inc | ne 
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100% STD-AT COMPATIBLE 


ONLY $219 (25aty) inc shipping. 


The SAELIG Company 1193 hoealay Rd Vicor | 
NY 14564 “5 425-4367 or fax oe 425-7381 = 2 


DETECTORS _ 


Line Sense Relays connect in series with — 
Tip and Ring and provide a relay closure in — 
response to loop current flow. Foron-hook, | 
off-hook monitoring, switchhook flash | 
detection, and rotary dial pulse counting. — 
Simple design, rugged construction. = 


@ M-949-01 for U.S. FCC Part 68° , 
@ M-949-02 for international IEC/VDE | 
™@ M-949-03 for Canadian DOC CSA - 

@ M-949-XX Custom modules 


For more info call: 1-800-426-3926} e 
(In VeSion! State: en 


The STD-AT from WinSystems is the first 100% AT compati- 
ble computer system on the STD-Bus. The 80286 CPU will 
Operate up to 20MHz and supports the Phoenix BIOS. De- 
signed for industrial applications, it requires little space and 
provides compact, rugged packaging. A wide range of in- 
dustrial 1/0 is offered including networking, disk storage, 
video graphics, A/D, D/A, digital 1/0, serial 1/0, and more. — 


WinSystems, Inc. 
P.O. Box 121361 
Arlington, TX 76012 

(817) 274-7553 
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10801-120th Avenue NE, Kirkland, WA 98033 
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TRANSDUCERS 


« CMOS/TTL COMPATIBLE 

« DIRECT A/D TEMPERATURE CONVERSION 

« PLATINUM RTD TEMPERATURE SENSING 

¢ TWO OR THREE WIRE TEMP. MONITORING 

* RANGE AS LARGE AS -100 TO +400 °C 

Relco Digital Temperature Transducers are a new class of 
sensing devices which eliminate the need for an A/D converter 
and interface directly with digital circuitry. Operation is from a 
single supply of +12 to +24 VDC with accuracy and linearity of 
0.5 °C. Units can directly drive optocouplers for isloation or 
fiber optic transmission. 


World's Smallest Modular 
PWM Servo Amplifiers 


Model 215A +75 volts at +25 amps peak, 
+ 10 amps continuous 
Model 218 +150 volts at +20 amps 
peak, + 10 amps continuous 
e 22kHz PWM 
e Wide range input 


Copley 375 Elliot apes ‘ RELCO PRODUCTS INC. 
ooo Astatey ea ete 5594 E. Jefferson Ave., Denver, CO 80237 
orp. FAX: 617-965-7315 (303) 756-1143 
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TIRED OF COUNTING PINS? 


CIRCLE NO 349 


SCHEMA IT+ 


SCHEMATIC CAPTURE 
only $495 


Mainframe functions for your PC 
6,300+ part object library DXF output 
and much more FREE, ongoing 1-800 

support 30 day money back guarantee 


Easy to apply label numbers each pin of a DIP 
IC test clip. One size fits test clips from 8 to 64 
pins. $14.95 for package of 10. Circle number 
for FREE SAMPLE. Labels for surface mount 
test clips available soon. 


Beta Automation Inc. 
3541 Old Conejo Rd., Newbury Park, CA 91320 
Tel 805/499-5785, FAX 805/499-9071 
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OMATION 
1-800-553-9119 
CIRCLE NO 752 


87C51 PROGRAMMER $125. 
Logical Systems brings you support for the Intel 87C51. 
The UPA87C51 programs this popular microcontroller on 
general purpose programmers that support the 2732A. With 
the UPA87C51 | oes can program the 8751 and 87C51 security 
bits and the 87C51 encryption array. Logical Systems , help- 
ing you get the most out of your programming equipment 
with our growing line of adapters. OEM inquiries welcome. 


ADAPTER PROGRAMS PRICE 
UPA8751 C8751, 8751H, AMD8753H, 8744 $ 95.00 
Featuring + Standard RS-232 Serial Asynchronous ASCII Communications UPA87C51 eee een elt Bras 125.00 


« 48 Character LCD Display (2 Lines of 24 Each) 

«24 Key Membrane Keyboard with embossed graphics 

+ Ten key numeric arzay plus 8 programmable function keys 
* Optional RS-422 multidrop protocol mode 


UPA63701V Hitachi HD63701VO 65.00 


UPA451N Signetics SC87C451 (64 pin DIP) 125.00 


UPA63701X Hitachi HD63701X0 (64 pin shrink dip) 
-L_ Low insertion force socket 95.00 


+ Keyboard selectable SET-UP features —baud rates, parity. etc. 


+ Size (5.625” W x 6.9”D x 1.75”H), Weight 1.25 Ibs. ~Z Textool ZIF socket 149.00 

¢5 x 7 Dot Matrix font with underline cursor UPA63701Y Hitachi HD63701Y0 (64 pin shrink dip) 

+ Displays 96 Character ASCII Set (upper and lower case) -L_ Low insertion force socket 95.00 

¢ Optional Bar Code Wand (shown) -Z_Textool ZIF socket 149.00 
UPA63705V Hitachi HD63705VO 65.00 


CALL (315) 478-0722 or FAX (315) 475-8460 


LOGICAL SYSTEMS CORPORATION 
P.O. Box 6184, Syracuse NY 13217-6184 USA , TLX 6715617 LOGS 
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COMPUTERTIGE, inc. 


302 N. Winchester » Olathe, KS 66062 »* 800-255-3739 « FAX (913) 829-0810 
NER PERT EI SSD PGE ESE SSIS RS 7ST POPE SESE RE SPIES ISB, 
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32 MEGS OF PORTABLE HARD DISK BACK UP OVER 
RS232 WITH MS-DOS SOFTWARE DRIVER FOR PCs. 


¢ RS232 INTERFACE 

e NO SPECIAL ‘ADD IN’’ PC CARDS NEEDED 

e NO SPECIAL “‘BACK UP’’ SOFTWARE NEEDED 

e MULTIPLE PC BACK UP WITH SINGLE EASI-TAPE SYSTEM 

e POWER 110/220 VAC OR 12/24 VDC 

e PRICE IS $1,295 IN SINGLES, QUANTITY DISCOUNTS 
AVAILABLE 

e OPTIONAL 488, 8 BIT PARALLEL, 485, 422 INTERFACES 
AVAILABLE FOR USE IN DATA LOGGING APPLICATIONS 

28 OTHER SYSTEMS WITH STORAGE FROM 100K TO 42 

MEGABYTES 


ANALOG & DIGITAL PERIPHERALS, INC. 

251 South Mulberry St., Troy, Ohio 45373 
P.O. Box 499 TWX 810/450-2685 
SS Bs FAX 513/339-0070 
CIRCLE NO 751 


Combine Your 
Product Mart Ads 


In EDN's Magazine 
and 
News Editions for 
higher impact and a 
lower rate. 


SAVE SPACE WITH Q/PAC® COMPONENTS 

¢ Provide built-in capacitance 

e Eliminate decoupling capacitance 

e Gain 4-layer board quietness 
with 2-layer economy 

¢ Vertical or horizontal mounting 


Send for Rogers Q/PAC® 
Application Bulletin. 


Rogers Corp., 2400 S. Roosevelt St. 
Tempe, AZ 85282 602/967-0624 


CIRCLE NO 757 


To advertise in Product Mart, call Joanne Dorian, 212/463-6415 


220 


EDN September 1, 1989 


48 CHANNEL 25 MHz LOGIC ANALYZER 


(E)EPROM Multiprogrammer™ 
DATA I/O 212* Performance 


For Only 


$995. 


100% USA 
Made 


DC Model 
Available 


@ Supports 
(EXEPROMs E 
up to 40-pins. 48 Chnnis @25MHz x 4K word deep/12 Chnnis @100MHz 


@ Stand-alone orRemote. 
@ 40-pin Micros Opt. 

@ SET/GANG 4(E)EPROMs Opt. 

@ Parallel port for Fast Up/Down Load. 

@ 256K bytes, expandable to 16 megabits. 


1-800-523-1565 
In Florida (407) 994-3520 
Fax: (407) 994-3615 


* DATA I/O is a registered trademark of DATA I/O Corporation 
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16 Trigger words/16 Level Trigger Sequence 
Storage and recall of traces/setups to disk 


Disassemblers available for: 68000, 8088, 8086, 80286, 
6801, 6811, Z80, 8085, 6502, 6809, 6303, 8031 


NCI © 6438 UNIVERSITY DRIVE, 
HUNTSVILLE, AL 35806 


(205) 837-6667 
CIRCLE NO 759 


UV ERASER 
WITH DATA 1/0’S 280 
SET PROGRAMMER. 


For $1595 the 280 gives you: 
8 sockets for gang/set programming, 
Support for EPROMS : 
and EEPROMs \& 
up to 512K, 
Full after-sale 
support from 
Data |/O® 
Order a 280 today and get a FREE 
UV eraser —a $40 value. The Datarase || 
erases up to 4 EPROMs in 3 minutes. 


UNIVERSAL _RS-232 | 
PROGRAMMER $345-595 | 


e Programs EE/EProms, FlashEproms, ZPRams, Intel Micros, Memory Cards. 
e Stand-Alone Mode for EE/EProm and Memory Card Duplication / Verify. 

e All 24/28/32 pin EE/EProms to 4 MBits (upgradeable to 32 megabits). 

@ Micros:8741/A,-2/A,-4,-8,-9,-51,-C51,-C51FA/B,-52,-53,-55,-C521,-C541,9761. 
@ Memory Cards:Seiko/Epson, Fujitsu, Mitsubishi (integrated Adapter included) 
e Modular design;Firmware easily upgradeable; 4 socket Gang module available 
e On-Board Programming capability; Custom interface modules available. 
User friendly Menu-Driven Interface Program for IBM-PC and Macintosh. 

e Can be operated with any computer containing an RS-232 serial port. 

¢ Optional built-in Eraser/Timer module ($50);Top cover conductive foam pad. 
@ OEM open board programmer configurations available (from $245). 

@ Customer support via voice line, dedicated BBS or fax; Full 1 year warranty. 


INTELLIGENT PC : 
ROM EMULATOR $395 


e Emulates 2716 through 27512 EProms (2k to 64k bytes) with a single unit. 

e Connects to the standard parallel printer port. Uses standard printer cable. 

e Intelligent features include: Reset Output, Address Compare, Address Snap- 
shot, Trigger Input. Memory buffer editing capability. Selectable wordsizes. 

@ User friendly software. Command set includes: Load, Write, Display, Run, 
Type, Edit, Fill, Run-Command-File, Monitor, Port, Reset, Help, Calculator. 

e FAST data loading via parallel printer port (65k bytes in less than 10 seconds). 

 Cascadable up to 8 units.Includes interface cable with Trigger and Reset clips. 

e CMOS version with standard 9V battery backup available ($495). After down- 
loading the program from the host computer, the CMOS emulator version 
can be disconnected and used in stand-alone mode for firmware testing. 

e File formats accepted: Binary, Intel Hex, Motorola S. 


MC / VISA / AMEX Call today for datasheets! 


B&C MICROSYSTEMS INC. 


355 WEST OLIVE AVE., SUNNYVALE, CA 94086 
TEL: (408) 730-5511 FAX: (408) 730-5521 


DATA I/O 


Corporation 


CIRCLE NO 761 CIRCLE NO 762 


Solutions. 


-¢ Hardware & software interfaces for PC, AT, 
386, PS/2, Macintosh,SUN, HP & DEC 
¢ IEEE converters to SCSI, RS-232, RS-422, 
modem, Centronics, digital I/O & analog I/O 
¢ IEEE extenders, expanders & buffers 
¢ IEEE drivers for DOS, UNIX@. Lotus 1-2-3, 
Symphony & Quattro. 


Call or send for your 
FREE Technical Guide 


Demo disks and application notes available 


LOtech. 


(216) 439-4091 


Telex 6502820864 ¢ Fax (216) 439-4093 
IOtech, Inc. « 25971 Cannon Road 
Cleveland, Ohio 44146 


CIRCLE NO 764 


CHICAGO IL 60648 +( 


CIRCLE NO 765 


524 South Vermont Avenue, Glendora, California 91740 


T-1600 
GANG/SET 
PROGRAMMER 


m™@ PROGRAM 16 AT ONCE—SAME OR SET 
@ 24, 28 OR 32 PIN EPROM’S 

m@ STAND ALONE AND MS-DOS DRIVEN 

@ INTELLIGENT DEVICE SELECTION 

m@ SIMPLE OPERATION 

m@ QUICK FLIP LCC AND SMT ADAPTERS 


AMERICAS BEST PRO 


Ante a 
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SUNRISE ELECTRONICS, INC. 
(818) 914-1926 
CIRCLE NO 760 


“Best Value” in PCB Design 


Tango™ sets the pace in PC-based circuit board design 
with an easy-to-use, pop-up menu interface and 
powerful features including 1 mil resolution, 
full SMT support, DRC, Gerber and 
PostScript™ output, fast high- 
completion autorouter, and pho- 
toplot previewing. Configure 

your personal PCB design station 
from our selection of entry-level 
and expert tools, starting at 

just $595. 


See for yourself why engineers rated 
Tango the “Best Value” in PCB design at CAD 
Showdown ’89. Rich functionality, one year’s 
updates, free tech support and BBS, plus our 30-day 
guarantee. Call today. 


FREE EVALUATION PACKAGE 
800 433-7801 619 554-1000 619 554-1019 Fax 


ACCEL™ Technologies # 6825 Flanders Drive ™ San Diego, CA 92121 USA 
International prices may vary. Contact us for the distributor nearest you. 


CIRCLE NO 763 


Quick, Fast Socket Conversion 


e@ Convert-A-Socket™ makes it a snap to convert a pro- 
duction socket to a test socket and vice-versa. 

e Complete line of male/female sockets for LCC, PLCC, 
PGA, PQFP, and DIP circuits. 

e A must if you’re inserting circuits repeatedly in low 
insertion force sockets. 

@ Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: 


Emulation Technology, Inc. 
2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 


CIRCLE NO 766 
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FIBER OPTIC POWER MODULE 


UL listed a Optic Power Module which controls a line 
switching relay. The unit is housed i ina 2. 5”x1. vig eS a 
potted plastic case. 
© Controlled through a low cost plastic fi her optic line up 
to 300 feet. 

¢ 110v AC line powered to provide a switched AC output. 
¢ 10A rating at 100,000 cycles. 


powered devices. — 
F aREEY ONO 


: intelligent Sinise Inc. s 
= 475 New Britain Ave., Plainville, CT r 06062 
xe ae (208) 7 793- 9951 


a CIRCLE NO 


Analog Circuit Simulation 
-IsSpice/286 Breaks the DOS Barrier — 


, Run Unlimited 
;» | Size Simulations 
_ on Your PC 


IsSpice/286 $210, a 
complete Spice pro- 
= f gram that runs on 

| 80286 based PGs . 
Zin extended | mem- — 

ory. Circuit size is 
ily limited bythe ¢ amount itof extended memory. Simu- 
ates over 700 components per megabyte of RAM. 
386 $386, The fastest PC based SPicE program 
components per megabyte of extended RAM. | 
= $95, Runs on any PC . AC, DC, and Transient. 


piceNET $295, Schematic editor for any ‘Spice 
simulator. Generates a complete Spice netlist. =e 
IntuScorpe $250, Graphics post processor that 
performs all the functions of a digital oscilloscope. 
RESpPice $200, Extensive model libraries, Monte velo 

: a and parameters Sweeping. 


P.O. Box 6607 (213) 833-0710 


San Pedro, CA 30 Day Money 
—-90734- 6607 _ Back Sa 
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NEW FULL-LINE 
SAMTEC 
CATALOG 


Guides you through the connector 
jungle. 100 pages of the highest quality 
machined strips. An expanded line of 
025” square strips. Includes versatile 
DIP’s, PGA’s and IDC’s. Features over 
1,300 products offered in new 1-2-3 pro- 
gram, delivered in three days or you don’t 
pay for shipping or the product. Contact 
Samtec, Inc., P.O. Box 1147, New 
Albany, IN 47150. Tel: (812) 944- 6733 
Fax: 812-948-5047. 
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e Excellentisolation for computer ineriacng¢ of remote line 


Special Graphics Turn Your PCintoa Workstation = 


DOS IN EPROM 


drives in your PC-compatible systems. Use PromKit — 
convert any disk into EPROM images for your Prom 


anything else you want. Use Proms for read-only, . 
SRAMS for read-write! Includes seurce code in C. 
Over 180 pages, including disk, only $179. 


: We'll include a free copy of the 
2 pocket-sized XT-AT Handbook by 
_ Choisser and Foster with each PromKit if you 
mention this ad when you order. Of course, this 
$9.95 value is also available » itself. Or buy five 


or more for only $5.00 each. 


Annabooks a--3 oe 


12145 Alta Carmel Ct Suite 250-262 7 
San Diego, California92128 
(619) 271-9526 Money-back guarantee 


CIRCLE NO 768 


MULTIBUS™ AT-COMPATIBLE SBC 
- Multibus | is now IBM PC/AT™ compatible with MAT286™ our newest 
_ Single board solution. MAT286 includes all of the functions of a 10 MHz 
AT motherboard, plus 2 serial ports, a parallel port, two SBX expansion-_ 
module interfaces, up to 512K EPROM/EEPROM/SRAM, and up to 4M 
of parity-checked, dual-ported DRAM. A piggy-back card, MATxSYSIO, 
adds EGA, floppy, and SCSI interfaces. Embed all the guts ofanAT, two 
SBX modules, and more, into two Multibus slots! 
Phone (408) 253-0250 or write for more information. 
Single Board Solutions, Inc. 
20045 Stevens Creek Blvd, Cupertino, CA 95014 


Multibus is a registered trademark of Intel Corp. 
MAT286 and MATxSYSIO are trademarks of Single Board Solutions, Inc. 
IBM and PC/AT are trademarks of International Business Machines Corp. 


CIRCLE NO 771 
CONNECTION WITHOUT DETECTION 


Or any other code, for that matter! PromKit allows | 
_ you to Create Eproms that look like read-only disk 


— even if you're net a programmer. Just use PromKit to cf. 


. blaster! Copy system files, batch files, data files, or 4 
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6800-Family Development Software 


Combine our software and your editor for a powerful develop- 
| mentsystem. Our C-Compilers feature a complete implemen- 
| __ tation (excluding bit fields) of the language as described by. 
_ Kernigan & Ritchie and yields 30-70% shorter code than other — 
compilers. Our Motorola-compatible Assemblers feature 


macros and conditional assembly. Linker and Terminal 
Emulator are included. Wintek Corporation, 1801 
South St., Lafayette, IN 47904. (800) 742-6809 or 
(317) 742- 8428. 
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Consistency 
Consist 
key 


to the power of 


EDN Product Mart 


: eS STABLE 


Spetdusierelecs 
eaoeoeocodoooNes 
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INVISICON® Controlled mipedanice 
Connectors preserve transmission 
Signal quality in very high speed/high 
density digital applications. Low 
dielectric constant flex circuit has 
contacts on 10-25 mil pitch. Standard 
51-contact part available. Rogers 
Corp., One Tech. Dr., Rogers, CT 
06263 203/774- 9605 


CIRCLE NO 774 


.S SER oS Ee o 


RO2800 (TM) PWB Laminates from Rogers. 
Low effective dielectric constant 

(2.8) improves electrical performances 

in high density, very high speed 

digital systems. Coefficient of 

thermal expansion, matched to copper 
improves plated thru-hole reliability 

and dimensional stability. Rogers 

Corp., Rogers, CT 06263 203/774-9605 
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da Vinci's ideas took 
centuries to perfect. 


He didn’t have Design /East 


Free Show Admission 
With This Ad. 


Staying on top of the latest technology 
and the newest products can reduce 
your product development time. 


Attending the Design Engineering ma ‘iii 
Show & Conference™/East, the East 
Coast’s only comprehensive OEM 
Show, you’ ll meet over 250 vendors. 
See over a mile of product displays. 
Find the systems and components you 
need to reduce product costs. Shorten 
design cycles. And add technical 
innovation to your design. All in one 
place. 


Save $25! Bring this ad to the Show 
for FREE Show admission. For further 
information on the Show or concurrent 
Conference call 1-800-255-7798, (in 
CT, call 203-964-0000) today! 


oe 
: Fol 


petite 


Later 


Engineering 
Show & 


»Conference '/East 


Lea) ea October 11-13, 1989 
in eam a Jacob Javits Convention Center 


oe ee 2 * s 
© Reed Publishing (USA) Inc., 1989.All rights reserved.Cahners Exposition Group 
is a member of the Reed Exhibition Companies. New York, New York SR 
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SPEAK TO 


eS THE FUTURE 


The world we live in 
\ ; 
has become an in- 


Communication has 
become increasingly 


mobile too, and GTE 
Mobile Communications is committed to responding to this 
rapidly growing market. 


We have become an industry leader providing products and 
services throughout the United States. And when we speak to 
the future, the message is very clear: The power is on at 


GTE. 


If you wish to become a part of a fast-paced, innovative com- 
pany, let’s talk! 


DESIGN AND APPLICATIONS 
ENGINEERS—HOUSTON, TEXAS 


We’re looking for highly-skilled engineering profes- 
sionals to design, create, and develop new mobile 
cellular products, services and hardware/software ap- 
plications at our corporate headquarters in Houston, 
Texas. Requirements include: 


M@ BSEE preferred; BSCS, systems engineering or 
equivalent experience in radio equipment design 
desirable 

@ Five years of experience in cellular mobile telephone or 
radio-based technology 

M@ Extensive experience with microprocessors or 
microcontrollers 

M@ Fluency in ‘‘C’’ under UNIX and DOS; PL/M and 
ASSEMBLER 

@ Strong experience in either digital signal processing or 
large-scale integration or artificial intelligence 


In Houston, you’ll discover unparalleled opportunities 
for a quality lifestyle — incredibly affordable housing, 
year-round outdoor recreation, and a vast array of enter- 
tainment and cultural activities. And at GTE Mobile 
Communications, we offer a high-energy environment, 
competitive salaries and comprehensive benefits. 


So, let’s talk and speak about your future today! Just 
CALL OUR 24 HOUR/7 DAYS PER WEEK 
TOLL-FREE NUMBER LISTED BELOW to learn 
more about our current opportunities. Or, contact us at: 
GTE Mobile Communications, 616 FM 1960 West, 
Suite 400, Houston, Texas 77090. We are an equal 
opportunity employer M/F/H/V. 


1-800-221-3333 
Ext. GTE 


CALL TODAY OR ANYTIME 


Mobile 
Communications 


THE POWER IS ON 
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creasingly mobile one. 


CAREER OPPORTUNITIES 


1989 Editorial Calendar and Planning Guide 


EDN News 


Editorial Emphasis Edition 


Issue Recruitment 


Date Deadline 


Sept. 28 Sept. 7 Integrated Circuits, 


Computer Peripherals 


Closing: Sept. 15 
Mailing: Oct. 5 


Otek Sept. 21 DSP Chip Directory, 
Integrated Circuits 


Closing: Sept. 28 

Mailing: Oct. 19 

Oct. 26 Oct. 5 ‘Test & Measurement 
Special Issue 


Computers & Peripherals Closing: Oct. 27 


Mailing: Nov. 16 


Nov. 9 Oct. 19 CAE, Integrated Circuits 


Nov. 23 Nov. 2 16th Annual uPC Directory, Closing: Nov. 9 


Integrated Circuits Mailing: Nov. 30 


Dec. 7 Nov. 16 Product Showcase — 
Volume I, 
Power Supplies 


Closing: Nov. 22 
Mailing: Dec. 14 


Dec. 21 Nov. 30 Product Showcase — 
Volume II, Components 


Call today for recruitment advertising information: 


East Coast: Janet O. Penn (201) 228-8610 
West Coast: Paula Compton (714) 851-9422 
National: Roberta Renard (201) 228-8602 


Find your 
career 


N|CcHe 


in 


EIDIN 
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Excellent process technology stands at the core of 
AMD's Spheres of Influence; High-end embedded 
microprocessors, World Network™ FDDI/ISDN 
devices, PAL® products, high performance 
memories, and office automation. 


Should you 


make the 


move to AMD/Austin? 


At AMD, we’ ve focused our excellence in process technology on five core business areas—our Spheres of Influence— 
embedded microprocessors, PAL® products, memories, office automation, and World Network FDDI/ISDN 


technology. 


Here’s your chance to make an impact on a billion dollar company with CMOS technology that is influencing the in- 
dustry. Join us in Austin as we begin our third decade— the submicron era. Make the move to AMD. 


RELIABILITY & QUALITY 
LINE OPENINGS: 
Quality Engineering Manager 
Sr. Reliability Engineer 
(Wafer Level) 
Sr. Fab Quality Engineers 
Quality Technician 
(SEM experience) 


PRODUCT LINE OPENINGS 
IN TELECOMMUNICATIONS 
GROUP: 

—ISDN —SLIC/SLAC 
Analog Design Engineer 
Slic/Slac Design Engineer 


Telecommunications Product 
Marketing Engineer 


Hardware Design Engineer 
Product/Test Engineer 
Mask Design Specialists 


PRODUCT LINE OPENINGS 
IN MICROPROCESSOR 
GROUP: 


—32-BIT RISC MICROPROCESSOR 
—AMD 29000 FAMILY 


—PERSONAL COMPUTER 
PRODUCTS 


Sr. VLSI Logic Design Engineers 


CAD Engineers 
Product/Test Engineers 


Product Planning Engineer 
(Microprocessors) 
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Technical Marketing Engineers 
(Graphics Segment) 

Technical Marketing Engineers 
(Laser Printer Segment) 

Technical Marketing Engineers 
(Controllers/Microprocessors) 

Mask Design Specialists 

Applications Engineer 
(16 bit controllers) 

Sr. Software Applications 
Engineers 
(‘‘C’’/Unix/Real-time) 

Software Configuration 
Management Specialist 

Software Test & Integration 
Manager 

Software Project Engineers 

Unix Systems Administrator 


MANUFACTURING LINE 

OPENINGS: 

Process/Sr. Process Development 

Engineers/MTS 
(Thin Films, Plasma, Diffusion) 

Process Sustaining Engineer 
(Photo) 

Sr. Engineering Section Head 
(Device/Integration) 

Sr. Equipment Engineer 
(Diffusion) 

CAM Systems Integration 
Engineers 

Defect Density/Yield Enhancement 
Engineers 


Facilities Engineers/Technicians 
Line Maintenance Technicians 
Process Engineering Technician 
Production Supervisor 


SEMICONDUCTOR EXPERIENCE 
REQUIRED FOR 
MANUFACTURING OPENINGS. 


For the above positions, interested 
candidates should send a resume to: 
Advanced Micro Devices, 
Department MS-556-EDN, 
5204 East Ben White Blvd., 
Austin, Texas 78741. You may 
also call toll free 1-(800) 
531-5202, Ext. 5355, or FAX 
your resume to (512) 462-5108. 
For manufacturing line openings, ask 
for Pamela May or Ed Moore; for 
product line openings and personal 
computer product line openings, as 
well as reliability and quality open- 
ings, ask for Paul Maack. We are 
an equal opportunity employer. 


Advanced 


Micro 
Devices 


Expand your spheres of influence 


World Network is a trademark, and the AMD logo, PAL and Ad- 
vanced Micro Devices are registered trademarks of Advanced 
Micro Devices. All other trademarks belong to their respective 
organizations. ©1989, AMD. All rights reserved. 
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ANALOG/D IGITAL Electronic Engineers, 


Computer Scientists, 


DESIGNERS | Vou’ o Neod d! 
SOFTWARE ENGINEERS/ one ee 
COMPUTER SCIENTISTS 


New England and 
nationwide. 

Join an expanding hardwarevsoftware development 

firm specializing in State-of-the-Art microprocessor 

based designs. We encourage employee initiative and © 

creativity and offer opportunities for continued 

development of analytical and technical ability. 


Work with 
Computer Science & Engineering 


and enjoy these advantages: 


© Immediate openings in rewarding positions 
® Staffed by technical professionals 
® Salary/benefit negotiations on your behalf 
@ Client companies who assume all fees 

| 

| 


¢ Semi Custom Chip Design 

¢ OS/2 and Presentations Manager 
¢ Analog & Digital Design 

¢ Intel Microprocessors 


Submit your resume in confidence to: 
Computer Science & Engineering 


P.O. Box 1026 / Porter Sq. 
Cambridge, MA 02140 


| 
¢ Prototype Development 


BS or MS and minimum 2 years 
experience required. 


If you’re looking 
for work, 
just look here. 


Ann lis Micro Systems, Inc. 


Annapolis, Marvland 21403 
(301) 269-8096, (301) 261-2770 
| FAX: (301) 269-5624 


| 612 Third Street. Suite 301 
| 


Magazine 


oe Databank Professional Profile 


Edition 


Announcing a new placement service for professional engineers! 


To help you advance your career. Placement Services, Ltd. has formed the EDN e Service is nationwide. You'll be considered for openings across the U.S. by 
Career News Databank. What is the Databank? It is a computerized system of PSL and it's affiliated offices. 
matching qualified candidates with positions that meet the applicant's professional e Your identity is protected. Your resume is carefully screened to be sure it will 
needs and desires. What are the advantages of this new service? not be sent to your company or parent organization. 
e It's absolutely free. There are no fees or charges. e Your background and career objective will periodically be reviewed with you 
¢ The computer never forgets. When your type of job comes up, it remembers by a PSL professional placement person. 
you're qualified. We hope you're happy in your current position. At the same time, chances are there 


is an ideal job you'd prefer if you knew about it. That's why it makes sense for you 
to register with the EDN Career News Databank. To do so, just mail the completed 
IDENTITY PRESENT OR MOST RECENT EMPLOYER form below, along with a copy of your resume, to: Placement Services. Ltd.. Inc. 


a ee ee Ie ee etiEs 
te: Zip: Location Fitch ¢ Ee ea SES RnR IS see RR ONE re 

iithnee renee hi son Say (cee gre RR O18 aa I IT PREVIOUS POSITION: 

EDUCATION Cotes of Univer ‘come: ee es ses 
Peres 


Degrees (List) Olvistons. Ss oh ee pect a) ee eee re SE Ae SS OM, Salary: 


EXPERIENCE pancho Fin To: The: 


Duties and Accomplishments: 


BS get i eee ee, ee 
COMPENSATION/PERSONAL INFORMATION 


Outies and Accomplishments: industry of Current Employer: 1 WAM Travel 
O Moderate C) Heavy 
> Y UO Empioyed () Sett-Employed 0 Unemployed 
SS eg i Level of Security Clearance () U.S Citzen Non-US. Ciuzen My \Gontay Suny Naren cress 2 Pi es mt employer 
headin tee Cnbnge: C) witt RELOCATE CO witt NOT RELOCATE QO oTHer 


agin | A DIVISION OF 
ae Databank PLACEMENT SERVICES LTD., INC. 


Edition 265 S. Main Street, Akron, OH 44308 216/762-0279 
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INTELLIGENT NETWORKING IS MORE THAN JUST TECHNOLOGY. 


The telecommunications industry today is competitive, 
global and extremely sophisticated. The companies — 
and professionals — who are at the forefront of new 
developments benefit from an environment that fosters 
enthusiastic and intelligent applications of new, 
cutting-edge ideas. 

We should know. Stromberg-Carlson provides today’s 
top engineering professionals with the resources, man- 
agement support and creative freedom needed for 
us to stay in our leadership position as a premier 
provider of telephone and telecommunications 
network technologies. : 

Make an intelligent choice. Join us in one of the 
following positions: 


Programmer Analyst — Will be responsible 

for complete program design from specification genera- 
tion through final documentation. Requires 2-3 years’ 
experience programming business applications, BS 
degree in Computer Science and working knowledge 
of COBOL, DEC VMS, HP. 


Systems Engineer — Requires 7-10 years of 
telephony experience and a knowledge of networking 
concepts, IN, ISDN, SS7, OSI Protocols, and operations 
support systems. A BSEE/BSCS is a must. 


Mechanical Engineer — Requires 3-5 years 
of experience in electronic packaging and product 
design, as well as system prototyping modeling and 
verification. A BSME/BSEE is a must. 


Reliability Engimeer — Requires 5-8 years of 
experience as a reliability engineer responsible for 
parts failure rate analysis and systems availability and 
reliability estimation. A BSEE is required. 


Hardware Design Engineer — Requires 5-8 
years of experience in definition, design and develop- 
ment of digital circuits and tools. Familiarity with micro- 
processors, telecommunication concepts and ASIC 
design is required. A BSEE is required, an MSEE 

is a plus. 


Software Design Engineer — Requires 4-10 
years of experience in telephony development of call 
processing, maintenance diagnostics, tools and 
simulation applications. A BSCS is a must. 


Systems Programmer 


Micro Systems — Requires a minimum of 10 
years of experience and a BSCS degree. Will be respon- 
sible for developing a Sun Microsystem-based support 
capability for SS7 features. Must have experience with 
Sun workstations and networks, Unix, software 
methodologies and networking concepts. 


Test Engineer — Requires 4-7 years of experience 
with Teradyne L200 series equipment using LASAR V6 
software. BSEE, BSET or equivalent is also required. 


We offer competitive salaries, outstanding benefits and 
an unbeatable location. For immediate consideration, 
please send your resume to: Stromberg-Carlson, 
Professional Staffing, Dept. 91EDN, 400 Rinehart Road, 
Lake Mary, Florida 32746. An Equal Opportunity 
Employer. No third parties, please. 


THE NEW STROMBERG 


GPT 
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TEST DRIVE 
YOUR 
RESUME. 


Tune up your resume, bring it to BPI TECH FAIR and watch it perform. 


You'll meet recruiters and top line management from the nation’s top 
technical companies. You'll discover fresh, new professional challenges. And you'll 
learn what you're really worth in today’s job market. 


Representatives from leading corporations will be on hand to interview 
qualified candidates at the following BPI TECH FAIR locations: 


August 14-15, Huntsville Marriott, Huntsville, AL October 18, Woodland Hills, CA 
August 21-22, Wichita Marriott, Wichita, KS October 23-24, Minneapolis, MN 
August 28-29, Boston Marriott, Burlington, MA November 7, Milwaukee, WI 
September 1]-12, Houston, TX November 8-9, Chicago, IL 
September 18, Columbia, MD November 13-14, Boston, MA 
September 19-20, Washington, DC November 15, Braintree, MA 
September 25-26, Denver, CO November 20-21, Washington, DC 
September 27, Colorado Springs, CO December 4, Ft. Lauderdale, FL 
October 2-3, Dallas, TX December 5, Melbourne, FL 
October 16-17, Los Angeles, CA December 6, Orlando, FL 


So come to the next BP! TECH FAIR in your area. It’s the job fair that puts 
you in the driver's seat. 


THE NATION’S #1 JOB FAIR FOR ENGINEERING, SYSTEMS & SOFTWARE DEVELOPMENT PROFESSIONALS 


— 
( 


== © 2985 Multifoods Tower © 33 South Sixth Street * Minneapolis, MN 55402 » (612) 370-0550 
pea 
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CHARTER 


EDN is written for profes- 
sionals in the worldwide elec- 
tronics industry who design, 
or manage the design of, 
products ranging from cir- 
cuits to systems. 


EDN provides accurate, de- 
tailed, and useful information 
about new technologies, 
products, design techniques, 
and careers. 


EDN covers new and devel- 
oping technologies to inform 
its readers of practical de- 
sign matters that will be of 
concern to them at once or 
in the near future. 


EDN covers new products 

¢ that are immediately or 
imminently available for 
purchase 

¢ that have technical data 
specified in enough de- 
tail to permit practical 
application 

¢ for which accurate price 
information is available. 


EDN’s Magazine Edition 
also provides specific “how 
to’”’ design information that 
its readers can use imme- 
diately. From time to time, 
EDN’s technical editors un- 
dertake special ‘‘hands on” 
engineering projects that 
demonstrate EDN’s commit- 
ment to readers’ needs for 
useful design information. 


EDN’s News Edition also’ 
provides comprehensive 
analysis and news of tech- 
nology, products, careers, 
and distribution. 


275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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NEW MICROLITHIUM BATTERY SERIES 


JOINS THE DURACELE XE 


Today Duracell is your 
best source for all your 
lithium battery needs. 


First with high-power 
consumer-replaceable lithium 
batteries, Duracell now introduces 
the MicroLithium Battery Series 
for long-life, low-drain applica- 
tions. These new lithium/ 
manganese dioxide cells have 
the same quality 
and dependability 
as our popular 
High Power 
Series, but have 
been optimized 
for micropower 
equipment. UL 
recognized, 
they're available in a wide-range 
of coin and cylindrical sizes, with 
or without pin terminations. 


DL12. 
high-power consumer : 
replaceable lithium batteries. 


Our sales engineers 
listen to your engineers. 


World-wide, you can count 
on our field sales engineers for 


sa, 


Akenried cell sizes and PCB pin types. Shown 2 are 
DL2450; DL2032 with chip-straddle pins; DL1/3N. 


expert applications assistance, 
battery samples, and test infor- 
mation, when you need it. From 
form-fit evaluation to component 


POWER FAMILY? 


sourcing, we can help match the 


optimum lithium cell to your 
requirements. 
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Custom assemblies. . . 
standard solutions. 


Our national network of 
Authorized Value et Assem- 
blers can 


supply you 

with special 

terminations Panis 
and battery : clock battery. 
packs. And : 


Duracell will 


coordinate the | Duracell. . . 


effort and $0 very easy 
se OU: _to work with. 
see 4 The Duracell Team is just 
too! a phone call away to help you 


in fulfilling your battery require- 

_ ments, from technical information 
_ to competitive pricing and quick 

deliveries. With Duracell, satisfy- 

ing your lithium battery needs is 
— easier than ever! 

Call us today at one of the 
toll-free numbers listed below 
and lock in your 10% introduc- 
tory discount. 


Discount applies to cells with and without PCB pins 
purchased directly from Duracell: DL2450; DL2430; 
DL2032; DL2025; DL2016; DLAAL; DL2/3AL; 

L. 


Popular-size cylindrical configurations: DL1/2AAL; 
DL2NSE; and DL2/3AL. 


SPECIAL 10% INTRO- 
DUCTORY DISCOUNT! 


We want you to try the new 
DURACELL XL MicroLithium 
Series of batteries. Thats _ 
why we're Offeringa <i 
special discount on él 
all orders placed 
and shipped 
before September 
30, 1989." 


. DURACELL INC. 
OEM Sales and Marketing Group 
Berkshire Industrial Park 
Bethel, CT 06801 


SAL with single pins (polarized pins available). 


FOR INFORMATION AND TO GET YOUR 10% DISCOUNT CALL: 


(In Connecticut, 
East 203-264-3935) 

(In Illinois, 
Central 312-954-2714) 

(In California, 
West 800-225-1962) 


©1988, Duracell Inc. 
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SPECIFICATIONS 


MODEL 


MAR-1 
MAR-2 
MAR-3 
MAR-4 
MAR-6 
MAR-7 
MAR-8 


NOTE: Minimum gain at highest frequency point and over full temperature range. 


FREQ. 
MHz 


DC-1000 
DC-2000 
DC-2000 
DC-1000 
DC-2000 
DC-2000 
DC-1000 


dc to 2000 MHz 
amplifier series 


Unbelievable, until now...tiny monolithic wide- 


GAIN, dB _ ®MAX. NF PRICE $ band amplifiers for as low as 99 cents. These rugged 
tie MS MRE co ae 0.085 in.diam.,plastic-packaged units are 500hm* 
S155 MASH. 0 BOT O89. 1100) input/output impedance, unconditionally stable 
ier ik regardless of load*, and easily cascadable. Models 
a2: 80°. Sten etme 4 G0 ioe) in the MAR-series offer up to 33 dB gain, 0 to 
20. 465 i iets 0 z= 1.29 (25) +11dBm output, noise figure as low as 2.8dB, 

Wa 3125 40,5) ae +3 >. 4.90%. (25) ia : 
39g a ee Bog \o5) and up to DC-2000MHz bandwidth. 


® 1dB Gain Compression 


0 +4dBm1 to 2 GHz 


designers amplifier kit, DAK-2 


232 


*MAR-8, Input/Output Impedance is not 50ohms, see data sheet. 
Stable for source /load impedance VSWR less than 3:1 


Also, for your design convenience, Mini-Circuits 


Size Tolerance Temperature 


° of each model, total 35 amplifiers (mils) Characteristic 


80 x 50 5% NPO 


; 59 95 80 x 50 10% X7R 
coe 0 
only : 12060 10% X7R 
Minimum Order 50 per Value 
e Designers kit, kcap-1,50 pieces of 
each capacitor valve, only $99.95 


finding new ways... 
setting higher standards 


[2 Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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offers chip coupling capacitors at 12 cents eacht 


Value 


10, 22, 47, 68, 100, 220, 470, 680, 1000 pf 
2200, 4700, 6800, 10,000 pf 
022, .047, .068, .1yf 


C113-Rev. D 
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IRFP9140 
TRFP9240 
IRFPC40 
IRFPC5O. 


IRFPE40. | 
_ IRFPESO . 


IRFR420 


. mA i p44 ~~ 7 
~~. 
] L q a Be. 4 : A S 5 _ : 1 4 2 
: . PAS: eeomneaes Science 2 3 s x 
- TTT. [ 
| | 
: aes 
10 
PTT T,E Er 
eel oye | 


10°, 20V | | rr 


wl 1 | | | | | ttt | | 
50° 70° 90° 110° 130° 150° 1986 1987 1988 
Gate stress TO-220 time to failure HEXFET IRF530 under avalanche Electrical defects (PPM) 


As IR HEXFETs" hold their lead in power in the industry. In AOQLs you can take right past 
MOSFETs, our competitors become bolder and incoming inspection to your production line. 
bolder in attempting to duplicate our success. And in our Generation II] HEXFET process 

They're using our part numbers. Andinsome _ that’s optimizing cell density and providing 
cases, they've even put “IR” in front of them. unparalleled performance per square inch. 
They've thought of everything. Except performance, The bottom line: If you're buying 
ruggedness and reliability. FETs, make sure they're IR, as in 

The numbers in the charts tell the story. You'll International Rectifier. Or you 
find them in our guaranteed avalanche ratings. Our just might get a signed and ) 
quarterly reliability reports, the most comprehensive numbered copy. 


T@R|INTERNATIONAL RECTIFIER 


WORLD HEADQUARTERS: 233 KANSAS ST., ELSEGUNDO, CA 90245, U.S.A. (213) 772-2000. TWX 910-348-6291, TELEX 472-0403 
EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 9BB, ENGLAND TELEPHONE (0883) 713215, TELEX 95219 
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SEAMLESS SOLUTIONS 
FOR PLD DEVELOPMENT. 


THREE FULLY-INTEGRATED PERSONAL 
SILICON FOUNDRY SYSTEMS. Only 
Data |/O® has all the high-perform- 
ance design software and pro- 
gramming tools you need to support 
virtually every PLD on the market. 
And only Data I/O makes those PLD 
tools work together as a system— 
seamlessly integrated, without capa- 
bility gaps. Our three Personal Silicon 
Foundry™ (PSF™) systems offer 
integrated solutions for the complete 
range of PLD development needs. 


CHOOSE THE PSF THAT'S RIGHT FOR 
YOU. The PSF 700 is for leading-edge 
designers using the newest devices 
to achieve maximum performance. 
It gives you state-of-the-art capabili- 
ties—like technology independence, 
interactive partitioning and device 
selection, and support for field pro- 
grammable gate arrays (FPGAs). 

The PSF 500 gives you both struc- 
tural and behavioral design entry, and 


DATA 1/0 PROVIDES ALL THE STEPS YOU NEED 
FROM CONCEPT TO SILICON. 


m Design Entry 

m@ Design Verification 
m@ Logic Synthesis 
mg Programming | 


m Device Test 


the powerful simulation and reduction 
capabilities you need for complex 
designs utilizing a broad range of 
devices and architectures. 

Choose the PSF 300 for behavioral 
design entry and dependable pro- 
gramming of popular devices, all at 
a surprisingly modest cost. 


THE BROADEST PLD SUPPORT ON 

THE MARKET. Data |/O supports 

the largest number of devices with 
the broadest selection of PLD tools 
on the market. Froom ABEL™ GATES™ 
and FutureNet® DASH™ software, to 
UniSite™ and 60A programmers, our 


Data I/O Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 867-6899/ Telex 15-2167 

Data I/O Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 (416) 678-0761 

Data I/O Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands + 31 (0)20-6622866/Telex 16616 DATIO NL 
Data I/O Japan Sumitomoseimei Higashishinbashi Bldg., 8F, 2-1-7, Higashi-Shinbashi, Minato-Ku, Tokyo 105, Japan 


(03) 432-6991/Telex 2522685 DATAIO J 


©1989 Data I/O Corporation 
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Universal tools set the industry stan- 
dard. So you won't have to learn a 
new tool for every new device archi- 
tecture you try. And when you're 
ready for a more sophisticated toolset, 
your files are upwardly compatible. 


ONE CALL SUPPORTS IT ALL. Only 
Data |/O gives you the security of 
complete PLD development support 
from one source. A single call gives 
you access to hardware, software, 
andsystemsengi- q 
neers, ready tohelp § 
you with your total 
PLD application. 
Call today, and 
we'll show you how 
one of our seamless 
PSF solutions can solve 
all your PLD tool needs. 


1-800-247-5700 
Ext. 393 


DATA I/O 


Corporation 


